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Early omens of good things to come at Chicago will 
be found on p. 235 of this JOURNAL, courtesy of 
early communiques from Bill Kunzmann. If you 
are planning a paper for the Convention, you may 
wish to review the information by the Papers Com- 
mittee on p. 116 of the January, 1950, JOURNAL. 


1950 Membership Directory: A complete, accurate, 
and easy-to-use Directory, listing members’ names, 
company affiliations, and. mail addresses, is now 
being compiled by Society Headquarters for early 
publication. Listings are being based upon replies 
to the questionnaire-envelope mailed to all members 
with their 1950 membership dues statements. 


The Directory is published every two years and, un- 
less address and company affiliation references are 
corrected now, they will stand incorrect until 1952. 
Early return is therefore essential; so send yours in 
with your 1950 dues, if you haye not already done 
that. . 

The deadline for changes is March 15, 1950. 
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Basic Research 
For Motion Pictures 


By CLYDE R. KEITH 


SMPTE Eprroriat Vice-PREsSIDENT 


T HAS BEEN POINTED OUT many times that engineering progress 
l depends directly on basic research. Engineering is largely the 
application of scientific principles to the solution of practical problems. 
When new basic principles are discovered, engineering skill rapidly 
transforms these new ideas into things of value to both industry and 
consumer in the form of better or cheaper products. But when the 
available fund of basic information has been worked over for twenty 
years or more, the engineering “advances” are very apt to be reduced 
to gadgets, fancy knobs, and other trimmings which are of little real 
value even from a sales standpoint. 

The motion picture industry has for the most part left basic re- 
search to the various suppliers of film and equipment. Some re- 
markable improvements have come out of these industrial research 
laboratories, but it is only natural that their research should be aimed 
at results which will assist the commercial operations of the particular 
company operating such a laboratory. 

There are some subjects of vital interest to the motion picture in- 
dustry which are not directly related to any commercial product and 
therefore have not been the subject of research to the extent em- 
ployed in connection with directly salable products. Some such sub- 
jects are various physio-psychological effects on motion picture the- 
ater patrons. The effect of physical factors of the projected picture 
on eyestrain and fatigue is one, and the effects of various forms of 
illumination around the screen on the psychological reaction to the 
picture is another. 

It is obvious that basic research is slow and expensive, and cannot 
be expected to show immediate returns in cash or any other tangible 
manner. Certainly the SMPTE could not set up a research labora- 
tory for the study of such problems, although it is interested in such 
research and would like to encourage it in any way possible. 
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Some of the older members no doubt recall that in the early 30’s 
the Society did sponsor basic study on a fundamental problem. A 
Fellowship was awarded to Mr. Peter A. Snell for graduate study at 
the Institute of Applied Optics, University of Rochester. Mr. Snell 
studied visual fatigue in viewing motion pictures, an account of this 
study being published in the May, 1933, issue of the JouRNAL. While 
Mr. Snell made an excellent contribution to knowledge on this sub- 
ject, the possibilities along this line were not exhausted, and that was 
over sixteen years ago. 

Here seems to be a way in which the SMPTE can be of definite 
service to the industry. There must be numerous candidates for 
advanced degrees in physics at various universities, some of whom 
might be glad to devote their research to a subject relating to the 
physical and psychological aspects of vision. A list of proposed re- 
search projects prepared by the SMPTE might be instrumental in 
influencing a graduate student to undertake such work. The estab- 
lishment of some form of fellowship or honorarium for the research 
worker would no doubt also help. 

The views of Society members on this subject will be welcomed. 














Noise Considerations in 
Sound- Recording 
Transmission Systems 


By F. L. HOPPER 


WESTERN ELEctTRIC Company, HoLLywoop, Ca ir. 


Summary—-Noise limitations in sound-recording media are well known. 
With improved media such as magnetic materials, noise limitations imposed 
by the recording transmission system require consideration. Noise may be 
internally generated in the system or may be introduced from extraneous 
sources by electromagnetic coupling, or circuit exposures to interfering fields. 
Radio and audio frequency disturbances, crosstalk, thermal noise, shot-effect, 
microphonics, and alternating current hum are some of the interferences con- 
sidered. 


HE INHERENT noise limitations of various forms of recording 
‘tom have been the subject of considerable study. The most 
commonly used materials in the past have been various types of disk 
records and photographic film. Unmodulated background noise in 
these materials is such that the available dynamic volume range be- 
tween noise and a maximum signal whose distortion is on the order 
of 2% is 30 to 40 db. This basic volume range has of course been 
effectively increased by use of such recording methods as: pre- and 
post-equalization, volume compression and expansion, dynamic noise 
suppressors which vary the bandwidth of the reproduced signal, and 
naise reduction devices as applied to photographic recording. The 
introduction of magnetically coated film has provided a medium 
capable of accommodating a volume range of some 60 db without 
recourse to complex electronic devices. With such an improvement 
in; signal-to-noise ratio, noise limitations imposed by the recording 
transmission system require consideration in order that they may not 
become a limiting factor in over-all system performance. Noise may 
be internally generated in the transmission system, or may be intro- 
duced from extraneous sources by electromagnetic coupling, or may 
enter the system conductively, through circuit exposures to interfering 
fields. This paper will consider various types of externally and in- 


PRESENTED: October 14, 1949, at the SMPE Convention in Hollywood. 
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ternally generated noise disturbances, which may seriously reduce 
the effective volume range of the recording media. It is of course 
recognized that there is an ultimate minimum of noise which cannot 
be reduced by any practical means, but it is the engineer’s desire to 
approximate this limit. The various types of noise interference 
may be classified as outlined below. 


Noise Sources EXTERNAL TO THE SYSTEM 


Radio Frequency Noise 

Disturbances due to radio frequencies entering the system are 
generally troublesome only when the signal is a modulated radio 
carrier. Subsequent demodulation in the system due to various 
factors may result in an audio frequency signal. Methods for correc- 
tion may require magnetic shielding or the use of circuit elements to 
provide a filtering action. 

This type of disturbance may also be introduced into the trans- 
mission system due to exposure of connecting circuits to interfering 
fields. Power connections to a-c mains, long microphone cables, or 


even the ground connection itself, may introduce such interference. 
Corrective measures depending upon the type of exposure may 
include the following: 


1. Use of magnetic shields'**‘ in low-level audio stages on trans- 
formers and vacuum tubes. 


2. Shielding of grid and grid return circuits in copper braid- 
shielded wire. 


3. Radio frequency filtering utilizing a small series choke coil of a 
few millihenrys inductance in the grid circuit as close as possible to 
the grid connection of the tube itself. A by-pass condenser of some 
100 micromicrofarads capacity connected from grid to ground may 
also be effective. Possible deterioration of the audio frequency re- 
sponse of the apparatus should be measured, when such filtering is 
added. 

4. Careful shielding of long connecting circuits such as micro- 
phone cables using a braided copper shield which is insulated from 
contact with the earth. 

5. Use of an electrostatically shielded transformer as a barrier 
between the primary power source and the system rectifiers, 





1950 NoisE IN SOUND TRANSMISSION 
B. Audio Frequency Noise 


Audio frequency noises introduced by means of electric or magnetic 
induction are apt to consist principally of power line frequency or its 
multiples. In general, remedial measures are: increased physical 
separation between the source of disturbance and the affected 
apparatus; or the use of magnetic shields on either or both of the 
disturbing or affected equipment components. 

Audio frequency noise components introduced into the system via 
connecting external wires may also consist of power line frequency 
or its multiples. Use of transposed or twisted conductors is an 
effective means of reducing such interference. Such twisted con- 
ductors cause both sides of the circuit to be equally exposed to the 
interfering field, and the induced currents largely cancel. Magnetic 
shielding of such conductors is ineffective unless such magnetic 
materials as iron pipe or flexible conduit are used. Most effective, 
but seldom used, is a permalloy wrap similar to that used for continu- 
ous loading of submarine cable. 

Crosstalk may prove to be an undesirable source of interference 
and may be caused by: an inductive field, a shunt admittance or 


series impedance, or by a common impedance. 


In addition to shielding, crosstalk may be reduced by using trans- 
posed or twisted transmission pairs. The twist, to have maximum 
effect, should be completely uniform, a condition which generally 
obtains when each wire of the pair is of equal length. If the inter- 
fering induction field affects all parts of the circuit with equal inten- 
sity only a loose twist is required. If all parts are not affected with 
equal intensity, a tight twist is indicated. For example, if the cross- 
talk occurs between adjacent pairs in a cable or form, since the cable 
is probably short in comparison with the wavelength of the interfering 
induction noise, only one transposition is theoretically required since 
each half of the circuit is equally exposed. If, however, the circuit 
being interfered with passes near a point source of interference, the 
intensity of the field will diminish as the square of the distance from 
the point. In such a case there should be an infinite number of 
twists per unit length to annul completely the interfering field. The 
principal consideration is that both sides of the circuit must have 
exactly equal exposure to the interfering field. It must be realized 
that the induced currents on each wire of the pair, although they may 
be exactly equal in amplitude and opposite in phase, cannot cancel 
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until the currents flow into a common junction. At this point, which 
should be grounded, complete cancellation results only if the currents 


are exactly equal and in phase opposition. 

Both balanced and unbalanced types of transmission systems are 
in common use. Balanced-to-ground transmission has been found 
by far the most practical when circuits are long and is useful when the 
circuits are of the order of 20 ft in length. However, expensive coils 
and more complicated components are required. Unbalanced cir- 
cuits require less complicated components but because of the un- 
avoidable unequal series impedance they are more susceptible to 
inductive effects. The best results will be obtained from either 
type of transmission when proper attention is given to grounding. 
The choice of type of transmission system can be made only after 
‘arefully weighing the economies of the unbalanced method against 
the higher protection factor of the balanced method. 

Level differences in cables and wiring forms should be kept to 
within a reasonable figure. A well-shielded cable form can tolerate 
level differences exceeding 60 db between conductors if the form is not 
longer than 10 ft. This requires intelligent shielding and circuit 
geometry. Under these conditions the crosstalk may be 60 db or 
more down from average signal levels when unbalanced transmission 
is used and considerably more when balanced transmission is used. 
Differences in level in cable forms of 60 db or greater should be tol- 
erated only if it is a local condition as in the case of equipment within 
a rack or console. Intereconnecting circuits between racks should 
be kept physically separated, in separate conduits if possible, when 
level differences are 60 db or greater, or when both balanced and un- 
balanced circuits are in the same cable forms. The individual pairs 
of these cable forms should have separate copper braid shields and 
the braided shields themselves should be insulated from each other. 
When crosstalk occurs in a cable form despite all precautions it is 
often found that by selecting pairs the effect can be reduced to a 
tolerable level. This also applies to lead cable. If the crosstalk 
occurs between circuits, one or both of which is unbalanced, the only 
effective remedy, outside of increased physical separation, may con- 
sist in balancing the circuit by means of a repeating coil. If unbal- 
anced transmission must be restored as the circuit pair leaves the 
form, two coils may be required. If the crosstalk is not severe, an 
elaborately balanced coil will not be required. When exploring for 
crosstalk a relatively high frequency should be used, since crosstalk 
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is more apparent at these frequencies. Circuit irregularities are 
sometimes such that a narrow region of crosstalk occurs and perhaps 
a thousand cycles or so on each side of this region the crosstalk is 
not detectable. It is usually good practice to short-circuit or ground 
all unused pairs in a cable form. 


II. Notse OrIGINATING WITHIN THE SYSTEM 
Thermal Agitation Noise 


The current in the output of an amplifier due to the thermal 
agitation noise in a resistance R connected to the input terminals of 
the amplifier is*: 


ii 
js . 2K? 


[* Rew Y(w)| *dw 


WT 


where J = current in output of amplifier 
R(w) = resistance connected to input of amplifier 
¥(w) = transfer admittance of amplifier = //V 
= voltage required across amplifier input terminals to cause a current 
I to flow in the output . 
= 2nf 
degrees Kelvin 
K = Boltzmann’s gas constant = 1.37 X 10>" joules per degree. 


If R is independent of frequency, usually a valid assumption over the 
audio frequency range, and if the amplifier is flat over the audio band 
from f; to fe and has zero gain outside of these limits, the above equa- 
tion becomes: 


V2 = 4KTR (fz — fi). 


This voltage V, is that voltage of any frequency between fe and f; 
which, if applied to the input of the amplifier, would cause a current 
1 to flow in the output of the same magnitude as does the thermal 
agitation noise in R. Putting 7 = 300 K (80.6 F), letting (fe — fi) 
equal 15,000 cycles, the equation becomes: 


V2? = 2.46 X 10-* R. 


The voltage squared in the above equation is, however, the open 
circuit voltage across the resistance R. It can be shown that the 
conditions under which the amplifier operates are such that the resist- 
ance FR is actually terminated in its own impedance which reduces 
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the thermal agitation voltage by a factor of 2? or 4. V? then be- 
comes 
~ 2.46 X 10-* R 
PP i Beceem 
4 
V2 = 615 X 10-* R 
and V?/R = .615 XK 10-" watts. 


From this it can be seen that the thermal agitation noise is a constant 
power of —132 dbm (under the conditions prescribed above) and 
that the voltage consequent to this power is determined by the 
resistance alone. The amplifier should be visualized as an ideal 
transformer terminated on its primary with the generator resistance 
R, and on its secondary by the load resistance of the external circuit. 
The load resistance divided by the impedance ratio of the ideal trans- 
former presents a termination to the generator resistance equal to it- 
self. The open circuit thermal agitation voltage is consequently 
reduced to one half. 

If the internal impedance of the amplifier is very high with respect 
to the generator impedance a justified assumption is that all of the 
thermal agitation noise in the output comes from the generator. The 
noise in the output, provided the amplifier is designed so that there 
is no contribution of noise from the input tube, will then be —132 
dbm plus the gain of the amplifier. 

The noise due to thermal agitation is irreducible by any practical 
expedient. Any noise originating at points subsequent to the grid 
of the first tube represents an addition to this noise without a corre- 
sponding increase in signal. The limit to be attained® in signal-to- 
noise ratio is therefore the ratio of the input signal to the thermal 
noise of the input circuit. 


B. Shot-Effect and Other Tube Noise 


Shot-effect’ is due to the fact that the electron flow to the anode of 
a vacuum tube is not of uniform density. Space charge in vacuum 
tubes creates a cushioning effect which reduces the shot noise by 
increasing the uniformity of electron flow. Theoretically, in the 
case of complete temperature saturation, the space charge would 
reduce shot-effect to zero. Practically, this condition obtains in 
vacuum tubes used in most amplifiers. Formulas exist® which allow 
accurate calculation of shot-effect both in the presence and absence of 
space charge. 
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The major noise contribution by the vacuum tube is the internal 
thermal agitation noise.* This occurs in the plate circuit. In am- 
plifier design work it is important to evaluate this noise so that the 
first amplifier stage will sufficiently amplify the input thermal noise 
to override the thermal noise of the tube itself. If this course is 
followed the tube contributes little noise to the circuit. The thermal 
noise arising in the tube comes from the cathode-to-plate resistance 
within the tube itself. It is the same in all respects as thermal noise 
generated in a resistor but it is important to remember that the 
temperature of the plate resistance is that of the cathode. In modern 
tubes this temperature is of the order of 1000 to 2000 K. Because 
the plate resistance appears in shunt with the external plate load 
resistance, the total effect must be considered to be that of two in- 
dependent generators in parallel. Formulas for calculating this noise 
are fully explained elsewhere.* 

There are other sources of noise within a vacuum tube due to 
flicker effect, collision ionization, secondary emission, positive ion 
noise, and noise which may be generalized under the heading of micro- 
phonics. Except for the latter, which is a primary noise factor under 
certain conditions, the noise contribution by such secondary effects 
is negligible. 

The gong-like sound of microphonic noise” is familiar. Tubes 
may be designed to minimize these effects, but in any case may re- 
quire selection. Other means of reducing microphonies include shock 
mountings where the period of the tube and socket assembly is in- 
creased to reduce susceptibility to external mechanical shock; or if 
the shock is airborne, surrounding the tube with an acoustic shield. 
Another type of noise which is classed under the heading of micro- 
phonic noise is termed “sputter noise.” This noise arises due to 
mechanical support problems of the tube elements and internal in- 
sulation leaks. Some types of sputter noise, such as those affected 
by element support considerations, are only apparent in conjunction 
with the usual microphonic noise and will be eliminated or reduced by 
the same methods which reduce microphonics. The other type, due 
to insulation leakage, may appear independently and since this is a 
tube manufacturing problem the engineer can only select tubes free 
from this noise. 

Noise originating in vacuum tubes is often considered, from an 
amplifier design standpoint, to be equivalent to a thermal noise gen- 
erated in a fictitious resistance® in the input. While tube noise has a 
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frequency characteristic, and thermal noise has none, the convenience 
of the assumption outweighs the defect in the analogy. This ficti- 
tious resistance called the “equivalent noise input resistance”’ is meas- 
ured as follows.!! Assume that a resistance equivalent to the internal 
resistance of a generator, such as a microphone, is connected through 
a suitable transformer to the grid of a vacuum tube. The thermal 
noise arising in the resistance will be amplified by the tube in the 
normal way. This noise represents the lowest possible noise in a 
system of given frequency response. The tube also generates noise 
within itself which adds to the external thermal noise. Maximum 
signal-to-noise ratio can be achieved only when tube noise is negligible 
as compared to thermal noise. If the grid of the tube is grounded 
and the external equivalent generator resistance and coupling trans- 
former are disconnected, the noise currents remaining in the output 
of the tube will be due to the tube itself. This noise is measured by 
a voltmeter or thermocouple having square law characteristics. 
Additional amplification in conjunction with the meter will be re- 
quired. If the short circuit from grid to ground is removed and a 
resistor placed across the same points, a value of resistance will be 
found which, due to its thermal noise output, will exactly double 
the meter deflection (or raise it 3 db). This is an indication that 
the thermal noise generated by the resistor is equal to the noise 
generated by the tube. The value of the resistance is called the 
“equivalent noise input resistance” (R,,;) of the tube. The R,,; of 
tubes can be calculated and formulas are available for triodes, pen- 
todes, triode and pentode mixers and multigrid converters. 

Tubes showing extremely low values of R.,; do so by virtue of a 
high transconductance usually obtained by close grid-to-cathode 
spacing. Consequently there are other considerations, such as 
microphonic characteristics, stability of performance, and low hum 
disturbance factor, in selecting a tube for audio pre-amplifier use. 


C. Fluctuation Noise in Granular Type Resistance Carrying Direct 
Current 


When direct current is passed through carbon resistors which are 
granular in nature or through resistors consisting of sputtered or 
evaporated metal films, small voltage fluctuations appear across the 
resistor terminals. This adds to the basic noise of the system and any 
attempt to reduce the basic noise to as low a value as possible must 
take this into consideration. This has been termed contact noise and 
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the hypothesis advanced" is that it is due to minute resistance 
variations in the region of contact between the granular boundaries. 
As would be expected the expression for the generated voltage is 
complicated. The voltage depends upon the value of the resistance, 
the direct-current voltage across the resistance, the frequency range, 
and two empirically determined exponents and a constant. The 
distribution of noise with frequency shows an increase in noise energy 
with decreasing frequency at the rate of 3 db per octave. 


D. Hum Noise Due to A-C Operation of Filaments 


The use of indirectly heated unipotential cathodes removes most 
of the factors which produce hum" in vacuum tubes when operated 
from an alternating-current source. Due to the almost universal 


use of heater-type cathodes no consideration of filamentary cathodes 
will be discussed. Hum is due to (1) the magnetic field produced 
by the heater current; (2) leakage resistance from heater to other 
electrodes; (3) electrostatic fields due to lack of complete heater 
shielding; and (4) electron emission from the heater. 

The magnetic field creates a double-frequency hum. The problem 


is one which must be dealt with in tube manufacture. Remedial 
measures consist in “twisting” the heater wires or other such methods 
of obtaining essentially noninductive heaters, high-voltage-low-cur- 
rent heater operation and certain modifications of the tube geometry. 

Leakage resistance from heater to other electrodes is often due to 
“getter” deposits within the tube. This type of hum can be reduced 
by lowering the impedance of the affected electrode to ground. 
Another method, when leakage exists between heater and cathode, 
is to bias the heater either positive or negative with respect to the 
cathode. A +10-volt bias is almost always adequate and little 
difference is usually found between a positive or negative bias. 

Hum due to capacitive coupling is of fundamental power main fre- 
quency. The most objectionable capacity is that which exists 
between heater and control grid. The effect of this capacity is 
reduced by lowering the grid-to-ground impedance which is another 
reason that the secondary impedance of an input transformer should 
be kept as low as possible. A ‘“bucking-out”’ potentiometer is some- 
times used. This consists of a potentiometer of several hundred 
ohms connected across the heater leads, the potentiometer swinger 
being connected to the grid-return lead. 
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Hum due to heater emission can occur when any electrode is at 
higher potential than the heater. The situation is sometimes ag- 
gravated by some of the cathode coating (barium and strontium 
oxides for example) getting on the heater during tube manufacture. 
The work function of the emitting surface of the heater for emission 
currents can thereby be greatly reduced. The solution most em- 
ployed is to bias the heater positive with respect to the affected ele- 
ment, usually the cathode. Ordinarily a volt or two is adequate. 
In rare instances the emission may be from cathode to heater in which 
case a negative bias is required. 

Referring specifically to magnetic recording, since it is necessary 
in reproduction to employ equalization at low frequencies at a rate 
of 6 db per octave, in order to achieve uniform over-all frequency 
response, low frequency noise disturbances assume considerably 
greater importance. For example, if some 25 db of equalization at 
50 to 60 cycles is required for flat response, any fundamental power 
line frequency disturbance must be reduced by such an amount, if 
signal-to-noise ratio is to be maintained. 

Noise interferences causing the greatest difficulty are: 

(1) Introduction of power line fundamental or multiples thereof, 
by magnetic coupling to apparatus components; (2) introduction of 
power line frequency or multiples by power wiring to exposed com- 
ponent or interconnecting wiring; and (3) internally generated power 
line multiples due to a-c operation of vacuum tube heaters. 

Corrective measures as indicated in previous sections of this paper 
will include: use of magnetic shields on both the interfering appara- 
tus element and the equipment component receiving the interference; 
use of shielded and twisted wire pairs both in internal and intercon- 
necting wiring; and possible recourse to rectified alternating current 
or use of direct current on the heater elements of vacuum tubes in 
low-level amplifier stages. 

Other described forms of interference are probably no more severe 
with magnetic systems than those using a photographic medium. 

In systems designed with the described noise factors in mind, it 
will generally be possible to fully achieve the signal-to-noise possibil- 
ities inherent in the chosen recording medium. 
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Photography in the 
Rocket-Test Program 


By CARLOS H. ELMER 


NAVAL ORDNANCE Test STATION, INYOKERN, CHINA LAKE, 
CALIFORNIA 


Summary— The vast bulk of information gained during a rocket or 
guided-missile test firing at Inyokern is obtained photographically. This 
type of detailed recording requires a large number of specialized photographic 
instruments of various types. They include cinetheodolites, ribbon-frame 
cameras, high-speed motion picture cameras, and others. The importance 
of color in this program is described, together with some of the difficult prob- 
lems that are encountered when combining color film with the high shutter 
speeds necessary to stop the motion of fast-moving test objects. Some solu- 
tions to these problems of underexposure are mentioned. 


HE PRIMARY FUNCTION of the United States Naval Ordnance Test 

Station is the development and testing of weapons, particularly 
those in the fields of rockets and guided missiles. Located west of 
Death Valley in California’s Mohave Desert, the 800-square-mile 
expanse of desert and mountains that contains the principal test 
ranges was selected not only for its isolation but also for its excellent 
seeing conditions, for the vast bulk of information obtained from these 
test firings is photographic in nature. 

While many of our photographic problems remain unsolved, we 
feel that we have come a long way since those hectic wartime days 
when scientists and technicians from the California Institute of 
Technology first pitched camp on the desert sands and commenced 
firing rockets from crude launchers. Those pioneers came armed 
with only a few well-worn Eyemo and Bell and Howell Superspeed 
cameras as their means of securing information on the test firings, 
but they developed many of the basic principles of ballistics photog- 
raphy as ft is practiced today on our numerous, well-instrumented 
testing ranges. That early type of photographic coverage served 
only as a more permanent record of the same information obtained 
visually by the observers; now an amazing variety of specialized 
instruments furnish precise numbers denoting velocity, acceleration, 
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range, altitude, spin rate, and other data that are the basis of any 
scientific evaluation and improvement program. 

One of the most valuable of these specialized instruments is the 
cinetheodolite, recording missile position against time in a network 
that permits the computation of accurate trajectories of flight. At 
Inyokern, the basic cinetheodolite is the German Askania Kth 41, as 
modified. This instrument operates at 2 or 4 frames per second, 
producing double-frame 35-mm pictures on Ansco Color motion pic- 
ture film. Color film has been found to be the most suitable means of 





Fig. 1. Askania Cinetheodolite used for guided missile instrumentation 
at Naval Ordnance Test Station. These instruments have been modified 
as shown to permit one-man tracking of high-speed missiles. 


obtaining easily assessable contrast between painted rockets and the 
blue-sky background. The Askania theodolite has been improved at 
Inyokern to permit free-wheeling single-operator tracking in place of 
two-man geared tracking to permit fast-moving test objects to be 
followed. Since high-tracking rates resulted in blurred images of the 
azimuth and elevation dials, the shutters exposing these dials have 
been removed and replaced by gaseous-discharge lamps, which effec- 
tively “freeze” the dial motion. Work has also been done to achieve 
more effective synchronism of the several instruments in use than was 
possible with the original equipment. 
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The Bowen Ribbon-Frame Camera, described in detail by Green and 
Obst,* is a precision nontracking camera capable of providing ex- 
tremely accurate metric data on 5'/:-inch aerial roll film at rates of 
from 30 to 180 frames per second. It is a valuable supplement to the 
Askania theodolite, especially during the early portions of flights 
through burning time. 





Fig. 2. Typical sample of record obtained by Askania Cinetheodolites. At 
the top of the frame are, from left to right, azimuth scale, frame number, and ele- 
vation seale. 


Thirty-five-millimeter Mitchell cameras are operated at speeds up 
to 120 frames per second to provide information on roll, pitch, yaw, 
separation of booster from missile, and off-range deflection. The 
addition of a second lens and shutter into the side of the camera case 
has converted these cameras into so-called ‘“chronographs.” This 
auxiliary camera system photographs the image of a stop watch on 
the corner of each frame of film, permitting the assessment of the 
action photographed to the nearest '/i second. Forty-inch lenses 
are most commonly used with these cameras, which are operated 


* See pp. 515-23, November, 1949, Jour. SMPE. 
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from conventional tripods or from powered tracking mounts. As in 
the case of the Askania theodolites, Ansco Color film is used in this 
camera on most firings. 

To obtain detailed slow-motion studies of launchings, separations, 
static firings, or detonations, extensive use is made of 16- and 35-mm 
high-speed motion picture cameras operating at speeds up to 4000 


iss 

Fig. 3. The Bowen Ribbon Frame Camera can be accurately aligned 

to photograph an expected rocket or missile trajectory. The camera 

operates at from 30 to 180 frames per second, recording on 5!/2-in. aerial 
roll film. 


frames per second. Some success has been achieved at Inyokern 
using color film at speeds up to 500 frames per second, because of the 
brightness level usually encountered on the test ranges which are 
located on alkaline dry-lake beds. 

These and other optical methods of obtaining direct photographic 
data of test firings are no more important, however, than the indirect 
photographic records obtained electronically. Recording cameras 
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photograph oscilloscope tubes, record magnetie pickup traces, and, as 
oscillographs, receive vital telemetering data from the test objects 
themselves. Their operation adds to the thousands of feet of motion 
picture kim, wide film, and wide paper which is expended to obtain 
detailed recordings of a single flight that might last only a few seconds. 





TOTES eee ae 





Fig. 4. Typical sample of record obtained by Bowen 
Ribbon Frame Cameras. This record shows an 11.75- 
in. aircraft rocket striking and penetrating an armor 
plate target with resultant high order detonation. 


Less quantitative but no less valuable information is secured by 
‘‘newsreel” photographers who obtain 16-mm Kodachrome records of 
the assembly and checkout of missiles, their placement on the 
launchers, their flights, and the state of their remains, when found. 
This coverage is supplemented by remotely controlled 4- x 5-inch 
still cameras which obtain Ektachrome photographs of missiles as 

they just clear the launchers during firing. 





PHoroGraruy IN Rocker Trsrs 


Fig. 5. Mitchell Chronograph 35-mm Tracking Camera with 18-in 
lens used at Naval Ordnance Test Station to determine missile attitude, 
roll, and separation information. 


Fig. 6. Typical sample of film obtained by 35-mm Mitchell Chronograph camera. 
Stop watch image is recorded in corner of each frame. 
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The Naval Ordnance Test Station conducts extensive work in the 
field of airborne rocket firings and underwater ordnance studies which 
supplement the firings performed on the ground ballistics ranges. At 
Inyokern many interesting adaptations of camera equipment have been 
made to obtain data on firings made from planes in flight against 
ground targets, while the Underwater Ordnance technicians in Pasa- 
dena are busy developing totally new techniques of high-speed under- 
water illumination and photography. 


Fig. 7. This MK 45 powered tracking mount carries a 16-mm Eastman 
High Speed Camera with 20-in. lens and a 35-mm Mitchell Chronograph 
Camera with 40-in. lens. 


The photographic operations on the ranges and in the research 
laboratories funnel into the Photographic Laboratory Section, which 
operates an 8000-square-foot production laboratory in one wing of the 
huge new Michelson Laboratory. While the amount of footage in- 
volved is not large by commercial laboratory standards, the lengths of 
film handled are just as valuable as those shot on a big production 
scene in an epic Hollywood film. This film is strictly a one-take 
affair—there are no retakes. An atmosphere of urgency is ever pres- 
ent in the processing laboratories; frequently the test conductor is 
standing by to see the first round’s records before proceeding with the 
day’s firing schedule. Yet the film must be handled with the extreme 
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care required to produce records that can be minutely assessed under 
powerful magnification to deliver metric data. 

The use of color film in the rocket instrumentation program pre- 
sents several difficulties. Long focal-length lenses are usually required 
to photograph distant objects in space or to photograph objects on 
the ground from safe distances. Such lenses are usually rather slow, 
and high shutter speeds must be used to freeze the motion of super- 
sonic missiles. This combination of factors usually means severe 


ee 


Fig. 8. Two 16-mm Eastman High Speed Cameras are aligned to cover the 
launching of a guided missile. The radio receiver at left receives a broadcast 
1000-cycle note and transmits it to timing lamps in the cameras. 


underexposure when a film with an American Standards Association 
rating of 10 is used. Therefore, the Photographic Laboratory has 
devoted considerable study to methods of effectively raising the 
emulsion speed of material such as Ansco Color Type 235 motion 
picture film and Ektachrome cut film. Efforts to date have been 
confined to a juggling of recommended developing times, although it is 
realized that several other methods are available for investigation, 
At present, we obtain normal Ektachrome transparencies exposed at 
f/2.5, */so0 second, by increasing the first developer time from 15 to 
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20 minutes. Much of the Mitchell Chronograph Ansco Color motion 
picture film is exposed at f/8.0, 1/333 second. We have increased 
Ansco Color first developer time to as much as 33 min and have 
also juggled color development times. These deviations in process- 
ing times do not appear to have caused marked changes in color 
balance, although color fidelity is not of great concern in our case. 

Rocket photography at Inyokern has indeed come a long way since 
those pioneering days of the California Institute of Technology. Yet, 
we feel that we are only beginning to learn the science of ballistics pho- 
tography. As missiles become faster and go farther, instrumentation 
difficulties multiply, and it becomes evident that much remains 
unknown and untried. As workers in the program of our nation’s 
defense, we appreciate the valuable assistance and advice given us by 
the Society of Motion Picture Engineers as we attempt to add to the 
sum of knowledge in our still infant field of specialized photographic 
endeavor. 














High-Speed Processing 
of 35-Mm Pictures 


By CLIFTON M. TUTTLE ann FORDYCE M. BROWN 


KENYON INSTRUMENT Co., HUNTINGTON STATION, LONG ISLAND. 


N.Y. 


Summary—A piece of apparatus is described by means of which it is possi- 
ble to develop, fix, wash, and dry pictures on 35-mm film in four seconds. 
Integral with the apparatus is a camera lens with which the pictures are 
formed and a projection system with which they are projected. Though the 
particular device has been designed for radar photography, it is believed to 
have a variety of other uses and applications. 


FYE TITLE of this paper may be misleading to the motion picture 
Deas for whom the concept of speed of processing is based 
upon the idea of feet of film per minute. The system we are about to 
describe—in its simplest form—is capable of only a small footage 
output per unit of time. This output of approximately one foot of 
35-mm film per minute would be regarded as extremely slow by those 
engaged in the quantity production of release prints. 

The system and equipment are, in another sense, capable of the 
highest speed of photographic processing with which the authors are 
acquainted. In this narrower sense, we refer to the time lapse occur- 
ring between the instant when a silver halide-gelatin latent image is 
subjected to the necessary treatment, and the final production of a 
usable silver image. Regarding this silver image, we impose some 
arbitrary qualitative specifications: that it shall be free from undis- 
solved silver halide, meaning that it shall be completely “‘fixed”’; 
that it shall be permanent, meaning that the products of chemical 
action tending to produce image deterioration shall be absent; that 
it shall be dry, and that its over-all quality, as defined by density, 
contrast, inertia speed, uniformity, and maximum density, shall be 
favorably comparable to results achievable by conventional process- 
ing. 

Neither the demand for developments in this field of maximum, 
rapid processing nor the efforts in cutting down processing time have 
been lacking. Portraits “while you wait” have been available at 
county fairs since 1910. Better portraits while you wait a shorter 
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time are sold by the Photomaton. The Land-Polaroid system re- 
quires the shortest wait and gives the best of results in the hands of the 
amateur. These developments have reduced processing and drying 
time to the order of one minute. 

During the latter part of the War, the demand for quick processing 
of radar image pictures was met by the Eastman Kodak Co. which pro- 
duced a unit that photographed the radar screen quickly, processed 
the image, and projected it onto a screen. The image was made on 





Fig. 1. Photograph showing film path through the apparatus. 


16-mm film and occupied an area equal to the largest circle that could 
be inscribed in a single 16-mm frame. Only a small portion of the 
total film area was used. The image appeared on every fifth frame 
and the equipment was capable of producing complete pictures at 
13.5-sec intervals. A projected picture, seven feet in diameter, of 
the Plan Position Indicator Radar Scope was the end result. 

The cycle time of this unit made it possible to keep up with 4 rpm 
radar. The picture size, definition, and brightness were adequate to 
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resolve and present all of the data shown on the radar set which the 
photographic unit was designed to complement. 

Advances in radar techniques have resulted in higher scanning 
rates and higher orders of data resolution. The requirements, there- 
fore, for the associated photographic equipment have, as a result, 
been made more difficult. Scanning rates of 15 rpm demand a proc- 
essing time of four seconds. Resolving power and other considera- 
tions require a 10-ft diameter picture of higher brightness than that 
produced formerly. 

The apparatus we are about to describe has been developed to meet 
the new requirements and also to meet them in push-button control 
manner such that one entirely unacquainted with photographic 
techniques can operate the device. 


DESCRIPTION OF APPARATUS 

Thirty-five-mm perforated film is used in the apparatus. Figure 
1 is a plan view of the film path. This film is fed from a 400-ft 
retort, past a picture taking station (1), a processing station (2), a 
projection station (3), over an intermittent sprocket, and onto a take- 
up reel. The block labeled B in Fig. 1 performs a multiplicity of 
functions and since it is the heart of the system it is deserving of some 
detailed description. 

Figure 2 is a section of this block, drawn out of scale to illustrate 
some of the unique principles of this quick photography method. 

First position: The film (1), shown edgewise, passes first the latent 
image forming position (2), where the optical image, 0.700 in. in 
diameter, is brought to focus on the emulsion through the transparent 
base. At the end of the exposure period, the film is advanced the 
distance of five standard perforations (0.935 in.) to the processing 
position (3). 

Second position: Within 2 milliseconds of its advance, a vacuum of 
about 4 in. of mercury is applied through an annular ring (4). This 
racuum causes the film to be sucked inward (downward in the figure), 
resulting in the formation of a paraboloidal surface convex toward the 
emulsion side of the film. Matching this emulsion surface but re- 
moved from it by 0.005 in. is a polished stainless steel surface (5). 
The two surfaces—emulsion and steel—form the boundaries of a 
parabolic shell. ‘The vacuum is formed and the film is sucked inward 


only when a poppet valve (6) is opened. 
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Now, when a second valve (7) is opened, a solution piped through 
the tube (8) is sucked through the central orifice (9). Under the in- 
fluence of the vacuum, a chemical solution passes with high and 
nearly constant velocity of 18 ems/sec, radially across the film surface 
and out the annular aperture (4). 

Important to the achievement of fast and uniform development, 
fixation, washing, and drying, is the accurate control and continual 
replenishment of fluids as they flow in contact with the emulsion 
surface. The development of the shape of the paraboloidal shell 
formed between film and the stainless steel faces to give the opti- 
mum conditions, which though an interesting problem in hydraulics and 
chemistry, is considered outside of the scope of the present discussion. 

What has been describea in the foregoing is the action of two valves, 
one to produce a vacuum, and the second to admit a solution. In the 
present equipment three other valves are used, one below and two 
above the plane shown in Fig. 2. 

‘Each of these valves opens to a plumbing line similar to (8) in 
Fig. 2. Subsequently, in the device we are describing, valves open 


as follows: to developer, to fixer, to wash solution, and to air. The 
fluids mentioned are each in turn admitted through the center orifice 
and sucked out through the annular ring aperture. 


Thus in action, developer, fixing bath, wash solution and air chase 
each other out in rapid succession. For the most rapid chemical 
performance, high velocity of movements and minimum amounts of 
each solution present in the shell are prerequisite. In this equipment 
less than 0.01 ml of solution is sufficient to fill the shell and this solu- 
tion can be displaced or evacuated in 1 millisecond. 

Third position: Upon completion of processing and drying, the 
film moves again to the station (10) where it enters a projection opti- 
‘al system. This system, which is an optical relay, has the final 
field lens (11) contained within the block. 

The film as it enters this position has had all of the superficial liquid 
from the Iast processing solution removed. There remains, however, 
a small amount of absorbed moisture in the emulsion layer. When 
any appreciable amount of radiant energy passes through the image 
at this point, the absorbed moisture gradually “sweats” out of the 
emulsion. Some means must be provided to disperse this moisture 
and a simple and adequate means is provided by allowing low-pressure 
air heated by the projection lamp to flow over the film surface, As 
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indicated in the figure, this air enters the lens tube at (12) and passes. 
around the lens (11) through a channel (13). 

This completes a brief description of the principal functions of the 
heart of the apparatus (block B). Another necessary function of the 
block is the immediate pre-heating of the film area to be processed 
and of the solutions immediately before they are used. 

The use of elevated temperatures to increase processing rates is 
well known and good use of this effect was made in the case of the pre- 
ceding fast processing equipment. In this connection, it should be 
pointed out that there is a definite maximum safe temperature for both 





















































Fig. 2. Diagram of processing device. 


processing solutions and film. If, because of the design of the proc- 
essing equipment, some cooling of the solutions is necessary during 
the course of processing, the average processing temperature must 
perforce be less than the maximum tolerable value. Under such con- 
ditions, the processing cycle needed to reach a prescribed photo- 
graphic result cannot be a minimum. To obtain this minimum time, 
it is obvious that temperatures should be kept at the safe maximum 
throughout the entire cycle. 

It is to accomplish this end that into the design of block (B) have 
been built all the necessary heating and control units to keep both 
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film and solutions at the highest tolerable temperature throughout 
the processing cycle. The maze of plumbing, the valves, valve 
actuators and the thermostatically controlled heaters are, accordingly, 
combined ina single unit. Since the chemical activity of the solutions 
used must be at maximum, the materials with which these solutions 
come in contact must be inert, consequently the whole unit has been 
machined from a block of stainless steel (18-8 Mo). 





Fig. 3. Photograph of processing block with photographic station 
and projection lamp house. 


This unit (shown in Fig. 3), though it is small enough to hold in the 
hand and weighs less then 3 lb, contains the following elements: 


A film track and cover plate, 

A 35-mm film processing machine, 

A 35-mm projection-condenser optical system, 
Solution heaters with thermostat control, 
Solution control valves, 


A film dryer. 











1] 
oy 
a 
4 
} 


witrid 


Seealatn ordahiese: 


Piet 


1950 Hicu-Sprep PROCESSING 155 


Since a prime purpose in the development of this equipment has 
been the reduction of processing time compared to that of the pre- 
viously described fast processing equipment, a tabular comparison of 
the results may be of interest. The original cycle compared to the 
present cycle is shown in Table I. 


TABLE I 
CoMPARATIVE INTERVALS IN PRocESssSING TIMES 


(Patent 2,446,668; and present equipment Patent Applic. 114,701) 





Previous Present 
equipment equipment 
Operation time, sec time, sec 
Start developer flow 0.00 0.00 
Stop developer flow 0.43 0.80 
Start developer removal 3.90 
Finish developer removal 1.30 
Start fixer flow t. 50 0.80 
Stop fixer flow +. 60 2.50 
Start fixer removal 8.00 
Finish fixer removal 9.90 
Start wash flow 9.90 2.50 
Stop wash flow 10.20 2.80 
Start wash removal 10.80 
Stop wash removal 12.20 
Finish drying 12.80 3.98 
Start pull-down 13.00 3.99 
Finish pull-down 13.50 4.00 


It should be noted that, for the same extent of development, 4.3 
sec are required by previous equipment and 0.8 sec by present equip- 
ment. 

For complete fixation 5.4 sec are required by the previous equip- 
ment compared to 1.7 sec for the present equipment. 

With previous equipment 0.9 sec are allotted to washing; with 
present equipment 0.3 sec are allotted to washing. 

In the previous equipment 0.6 sec are allotted to drying. In the 
present equipment 1.18 sec are allotted to drying. This results in a 
dryer film for projection with the result that the picture in the new 
equipment shows much less tendency to weave and warp. 

In the previous equipment, 0.5 see are required for pull-down. In 
the present equipment this time is reduced to 0.01 sec. The principal 
advantage here is concerned with the fact that during film move- 
ment data presented by the radar is lost. This loss with the pres- 
ent equipment is only one-fiftieth the loss with the previous equip- 
ment. 
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The more efficient chemical results achieved with the present equip- 
ment are due principally to two factors: (1) greater agitation of the 
solutions resulting from faster liquid movement, and (2) higher aver- 
age solution temperature that can be maintained during the process. 

The equipment uses 0.75 ml of developer, 1.2 ml of fixing solution 
and 0.5 ml of water per picture. 





Fig. 4. General view of the camera-—processor-projection unit. 


Since there is nothing particularly new in the equipment aside from 
the parts of the system just described, description of the rest of the 
unit will be brief. 
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The whole unit, of which Fig. 4 is a photograph, consists of four 
sectional housings. 

A is a mounting for an 8 X 12 in. front-surface mirror whose func- 
tion it is to turn the projected beam horizontally. The inclination 
of this mirror is adjustable by fine thread screws. This adjustment 
is for the purpose of centering the screen image. 

B is a housing for the optics, light source, processing block, film 
supply, and take-up. 

C contains the solution supply tanks. 

D contains the vacuum pump and disposal tank. 





Fig. 5. Solution supply tank. 


Figure 5 shows three Lucite solution supply tanks, each of 1.5 gal 
capacity, and each equipped with electric solution level indicators. 
Solutions are piped from these tanks to the processing head with 


14 in. Saran tubing. 
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Figure 6 shows the interior of the lower unit with its Lucite waste 
tank of about 6-gal capacity. It also is equipped with a warning de- 
vice to indicate its state of fullness. 


Cycling Control System 
Figure 7 shows the cycling control system. The right-hand cam 


shaft carries the necessary cams and microswitches to control all 
processing functions. ‘The solution valves are solenoid-operated and 











Fig. 6. Waste tank and vacuum system. 


the cams are timed as indicated in the right-hand column of Table I. 
The left-hand cam shaft, driven by a synchronous motor, provides a 
timing link to the radar antenna. This cam shaft controls the film 
pull-down and ensures that a complete 360° sweep of the PPI tube 
will be photographed irrespective of the antenna speed. 


Pull-Down 


Figure 8 shows the pull-down actuator. A standard 35-mm 
motion picture intermittent was reworked to pull down five perfora- 
tions. Figure 8 shows the intermittent drive mechanism. A rotary 








. Cycling control system. 


Fig. 7 





Film pull-down actuator, 
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solenoid with a 45° stroke is geared up 8:1 to produce a 360° inter- 
mittent rotation for every stroke. Power is applied to the inter- 
mittent through a ratchet and pawl system. The pull-down is rapid 
(10 millisecond) and accurate. Successive pull-downs register within 
+14 in. at a 10-ft image diameter. 

Throughout the design every effort has been made to unitize the 
equipment so that each functional part is easily removable by un- 
skilled field service men. Examples of complete detachable units 
are: the processing head, the control unit, the pull-downs assembly, 
the condenser system, and the objective system. 

In conclusion, we wish to acknowledge the able contributions of 
Mr. Carl Brasser to the design of the unit that has been described. 
It is also a pleasure to express our appreciation for the excellent co- 
operation of the radar development engineers of the Watson Labora- 
tories of the Army Air Force through whose auspices this work has 
been conducted. 





The Trend in Drive-In Theaters 


By CHARLES R. UNDERHILL, Jr. 


RCA Victor Division, Campen, N.J. 


Summary—aA brief history pointing to the rapid postwar development of 
drive-in theaters based on fulfilling important needs of a huge “Forgotten 
Audience” is given. An outline of some of the unique design features and of 
the special services made available indicate why drive-in theaters offer an 
economical and versatile means of recreation, relaxation and general enjoy- 
ment for motorists, and a return on capital investment which is an investor’s 
dream. Prerequisites for satisfactory projection and sound as basic re- 
quirements for successful drive-in theater construction and management, 
are reviewed. 


HE FIRST Drive-In THEATER was built near Camden, N.J., in 
‘Vee By the end of World War II, there were only about 60 
drive-in theaters, indicating that the idea had caught on slowly during 
those eight years before the war. It was not until after the war that 
the wave of open-air-see-the-movies-from-your-automobile enter- 
prises really got under way. During the four years since VJ Day over 
1000 have been constructed and many more are being planned or are 
under construction. As soon as unrationed gasoline again became 
available, the public took to the highways for the wide-open spaces. 
The drive-ins were doing capacity business. Prospective theater 
owners could not build indoor theaters at first because of govern- 
ment restrictions on building materials. Then followed prohibitive 
construction costs. It was quickly realized that drive-in theaters 
could be constructed of readily available materials and equipment. 
It was also determined that they could be built at a cost of approxi- 
mately 20% of the postwar costs involved in building an indoor the- 
ater of an equivalent patron capacity, based on an average drive-in 
audience of approximately three persons per car. 

Simultaneously, postwar projection and sound equipments were 
announced which had been designed and built expressly for drive-in 
theater use. It made obsolete most of the equipment used in drive-in 
theaters before the war, especially the sound equipment. The largest 
single factor in contributing to public acceptance of drive-in theaters 
is the in-car speaker, introduced by RCA in 1941 just prior to our 
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entry into World War II. Experience gained previous to the war 
pointed the way to successful drive-in theater construction, equip- 
ment, and management. The in-car speaker removed most of the 
restrictions on locations where the use of centralized speaker systems 
at the screen would have classed them as public nuisances. For the 
first time, a theater patron had complete control over the sound. 

To the amazement of even the drive-in theater owners, in came a 
type of patronage rarely seen at indoor theaters; the physically 
handicapped, invalids, convalescents, the aged, deaf people, expectant 
mothers, parents with infants and small children—whole families, 
dressed as they pleased in the privacy and comfort of their own do- 
main on wheels. They are continuing to come in increasing numbers 
from rural, suburban, and city areas—a new clientele representing a 
long neglected but highly important segment of some 30,000,000 
people of the “Forgotten Audience,” who, according to the claims of 
some producers, had not been attending indoor movie theaters. 
These are the backbone of drive-in theater patronage, and everything 
is being done to retain their acceptance of the drive-in theater. 

Drive-in theater patrons can do as they please within the dictates of 
decency in the privacy of their automobiles. They can shell and eat 
roasted peanuts, smoke, hold a normal conversation, regulate ventila- 
tion, and relax in wider and more comfortable seats with more leg 
room than possible in an indoor theater. There is no parking problem 
or standing in line for admission. Parents are relieved of the worries 
and expense associated with employing suitable baby sitters, or of the 
conduct of their children if left at home. Obviously no drive-in the- 
ater can afford a reputation for being lax in enforcing good conduct. 

Employees like working in drive-in theaters. There is a bit of 
carnival or county fair atmosphere which adds to the spirit of show- 
manship. Even the projectionist finds a difference—instead of look- 
ing down toward the screen, he looks up, as do the theater patrons. 


SPECIAL SERVICES AND FEATURES 


Taking their cues from the gasoline filling stations of the leading oil 
companies, aggressive drive-in theater exhibitors render those extra 
services and courtesies which experience has proven gain public 
favor: windshield wiping, car towing, tire changing, a free gallon of 
gas for dry tanks. Many other services have been made available to 
the public which are customarily not found in most. indoor theaters. 
There are diaper and other vending machines carrying personal 
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items, free bottle warmers for baby formulas, a nurse in attendance, 
call service for doctors or others subject. to emergency service calls. 

Thus, the drive-in theater has long since passed from the novelty 
category into the realm of big show business. As the number of 
drive-in theaters has increased, picture availability has improved, 
bringing in the regular movie-going public by the car-full. Returns 
on capital investment are an investor’s dream and have been so 
startling as to attract new capital from sources far remote from the 
theater business. The maintenance costs of drive-in theaters have 
been estimated to run as low as 20°) of those for an indoor theater. 
The concession business of the drive-in theater is the envy of almost any 
roadside stand and is estimated to account for about 25% of the gross 
income. 

Each year, rapid strides are manifest in drive-in theaters. There is 
now available a highly scientific modern toll system, a modification of 
collection systems used at the largest. bridges and tunnels, which is a 
substantially foolproof method of collecting and recording toll 
receipts, at the same time eliminating the use of tickets. There are 
airplane drive-ins and canoe drive-in theaters. Glamour prevails in 
many drive-in theaters, featuring lighted waterfalls over the rear of 
the screen tower, beautiful landscaping, and ultra modern concession 
stands with exclusive names such as “Snack-N-Vue Bar” and ‘“Din- 
A-Peek Restaurant.” In fact, everything is being put into drive-in 
theaters which experience indicates the public likes with their outdoor 
moving picture entertainment. A free rein has been given to the 
imagination in the architects’ plans, each new plan vying with those 
of competitors for increased public acceptance of drive-in theater 
environment, offering an economical and versatile means of recrea- 
tion, relaxation, and general personal enjoyment for each and every 
patron. 

It thus becomes obvious that the selection of a location, the plan- 
ning and the construction of a successful drive-in theater require the 
assistance of an experienced consultant well informed on the many 
complex problems which are involved. Unforeseen costs resulting 
from mistaken judgment on the part of inexperienced builders can 
force undesirable economies in the selection of the most essential ele- 
ments of the over-all enterprise, namely, the projection and sound 
equipment. The prospective investor in a drive-in theater needs to 
be informed as soon as possible that the return on his investment has 
a much better chance of attaining his expectations if the policies of 
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good business practice are consistently maintained, rather than an 
attitude of trying to build and equip a drive-in theater as cheaply as 
possible. 

On the assumption that the drive-in theater has been so planned 
and constructed that each occupant of every parked automobile can 
see the picture on the screen, it follows that the quality of the pro- 
jected picture and reproduced sound is without exception a prime 
requisite for entertainment enjoyment. 

Ever since the first drive-in theater was constructed, the question 
of the amount of light on the screen has been the main bottleneck of 
this type of theater. It has been not too many years since a 30-ft 
screen was considered a large screen for in-door theaters. Today, 
there are a great, many drive-in theaters where screens are 60 ft wide 
or larger. The average patron may have the feeling that when we 
double the width of the screen, we should correspondingly double the 
amount of light available. Unfortunately, however, since we are 
talking about screen area, instead of doubling the amount of light we 
have to multiply it by four to retain the same light level over the total 
area of the screen. 

This erying demand for more light on drive-in screens has resulted 
in more powerful arc lamps. In general, as the amount of light at the 
aperture increases, a point is finally reached beyond which it is danger- 
ous to go because of damage to the film. Certain manufacturers have 
introduced heat filters which may remove approximately 40% of the 
heat with a 20% loss in light. Frequently, it is found that excessive 
costs for both carbon and power consumption can be avoided by re- 
ducing the operating amperage and eliminating the heat filter without 
decreasing the light on the screen. In other words, there is no point 
in having a high light level only up to the heat filter and then having a 
20% loss in light, unless the over-all amount of light transmitted to 
the projector is appreciably higher than would be the case if the whole 
setup operated at a lower amperage without a heat filter. 

One other important feature is that a heat filter may have a 20% 
loss in light on the day of installation, but this light loss may appre- 
ciably increase as time goes by, due to two causes: (1) the efficiency 
of the heat filter may decrease with age; and (2) dirt on the surfaces 
of the heat filter will reduce its light transmission. 

Consequently, a heat filter is a unit which is continuously getting 
worse with age. In general, then, very much more effective operation 
‘an be obtained if a conventional heat filter with its light absorbing 
properties can be omitted. 
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There are two general classes of arc lamps currently used in drive-in 
theaters: (1) the reflector type, using amperages of approximately 
80 to 85 amp on a 9-mm black high-intensity positive carbon; and 
(2) condenser type are lamps, using amperages ranging from 130 to 
180 amp. 

The essential difference between the amplifier systems designed for 
drive-in theater use and those for indoor theater use is the higher audio 
power required for distributing peak signals without distortion to 
large numbers of in-car speakers, often totaling 1000 or more. 

A typical drive-in theater amplifier is shown in Fig. 1. This ampli- 
fier has a total power output of 250 watts. It is a dual-channel sys- 
tem with the inputs connected in parallel, but with the output from 
ach channel connected to one-half of the total number of in-car 
speakers. 

At the top of the amplifier rack is the terminal strip for making ex- 
ternal connections. Directly below is the channel selector switch 
and test panel. Next follow the two voltage and two 125-watt power 
amplifiers. 

Figure 2 shows the manner in which the amplifiers can be turned 
down on their hinges for easy access to the circuits when servicing. 
The channel selector switch makes it possible to operate with both 
channels simultaneously as a dual channel system or, in the event of 
trouble in either channel, to switch the entire speaker load onto the 
output of the operating channel. At the same time, this switch 
changes the output transformer tap to match the speaker load. The 
disabled amplifier is automatically disconnected from the a-c power 
source and the output load, so that it can be repaired without inter- 
rupting the performance. Monitoring and testing facilities are also 
included on the selector switch panel. 

The voltage amplifiers are two-stage units having high impedance 
inputs and transformer coupled outputs. The soundheads are con- 
nected to the inputs by means of low-capacity cables. Coupling 
between the voltage and power amplifiers is accomplished through a 
500-ohm ‘H” type variable attenuator which serves as the volume 
control. The attenuator is connected as a dual 250-ohm variable ““T” 
attenuator so that both channels are equally controlled. 

The power amplifiers are three-stage Class ‘‘B” units utilizing four 
809 type tubes in the output stage and are rated at a 125-watt output 
ach with less than 3.5% distortion between 50 and 5000 cycles. 
Approximately 10 db feedback between the output and driver stages 
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Fig. 1. 


Drive-in theater amplifier. 
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ig. 2. Amplifiers turned down. 
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contributes to holding the distortion to this low value, and also serves 
to hold the output level substantially constant with variations in 
speaker load. 

Figure 3 is a ramp station comprising two speakers and a junction 
box. The speaker housings are of die-cast aluminum, rugged enough 
to withstand being run over by an automobile without crushing. 
They are small in size and light in weight and are easily handled with 
one hand. 





Fig. 3. Ramp station of two speakers and junction box. 


The hook or neck construction was designed so the speaker can be 
hung on the car window, with the window almost closed, as would be 
necessary in rainy or cold weather. 

The volume control knob is of bright red plastic and is tamper- 
proof. 

A simple rheostat volume control is used in the voice coil circuit of 
the speaker. 

The mechanisms used in these speakers are especially designed for 
drive-in speaker use. All metal parts, including the magnets, are 
heavily plated with cadmium. The magnets are anchored to the 
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frame so that they cannot shift and cause the pole piece to move off 
center. The voice coil and diaphragm are waterproofed and con- 
structed to withstand all outdoor weather conditions, including floods. 
A drive-in theater at Endwell, N.Y., was under water for three days, 
submerging all of the speakers and junction boxes. When the theater 
was finally reopened, all but three of the speakers played perfectly. 

The junction boxes are also of die-cast aluminum and have the same 
type of finish as the speakers. 

Figure 4 shows the post and road light, and the method used to 
obtain a cone of light at the base of the post and project an adjustable 





Fig. 4, Post and road light. 


beam of light out into the driveway in the shadow area between the 
rows of parked cars. The junction boxes are available with or with- 
out this feature. 

The miniature 28-volt, .17-amp lamp is supplied by a 32-volt power 
transformer located in the booth, with the voltage dropped through 
specified line resistors. ‘The lamp was designed for airplane use and 
has a rugged shockproof filament assuring long life. This type of 
lighting eliminates any apprehension on the part of the automobile 
driver who is obliged to turn off his headlights on driving into 
the theater. There can be no fear of hitting an unseen person or 
object, because each roadway light serves continuously to usher the 
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driver safely toward a parking space. The pattern of elongated 
lighted areas in the roadway follows the curved contour of each ramp. 
The over-all effect, including the lighted areas at the base of each post, 
gives the drive-in theater a beautiful appearance, with ample lighting 
within the parking area ata minimum of cost. In a 1000-car theater, 
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Fig. 6. Mechanical device for concession signaling. 


for instance, there are 1000 beams of light from 500 tiny lamps with a 
total power consumption of only approximately 2 kw. 

The transformer is completely moisture proof. It has a high im- 
pedance primary winding which permits connecting many in parallel 
across the amplifier output. 
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For concession service, an additional miniature lamp is installed in 
the junction box which is readily seen by the concession attendant as 
a red glow from a lens located in the junction box cover, Fig. 5. The 
patron controls the light by means of a toggle switch installed in the 
face of the speaker housing. 

Three types of speaker cables take care of basic requirements. 
There is the low cost straight cord, and the deluxe Koiled Kord. A 
theft resisting cable includes a hardened stranded steel cord which is 
anchored at both ends. It also includes three conductors and is 
standard for use with electrical concession lights. 

Another type of concession signaling device is entirely mechanical, 
Fig. 6. It is simply a stainless steel slide attached to the under part 
of the junction box base, and so constructed that the patron can push 
or pull it and cause a red lens to intercept the down light beam of the 
post light, causing it to change from white to red. The lens is plainly 
visible to the concession attendant. 


UNSOLVED PROBLEMS AND THE FUTURE 


The problems of daylight projection involved in endeavoring to 
obtain longer daily operating hours, and of in-car heating so as to 
expand the operating seasons, are apparently being given much 
thought. They both need a practical solution applicable to every 
section of the country. Fog is a serious problem in some areas, 
occasionally becoming heavy enough to cause refunding of admis- 
sions. 

Regardless of such remaining problems, there is every indication 
that the public needs and wants more drive-in theaters, if strategically 
located, wisely constructed, and properly equipped. 

The trend is toward drive-in theaters having smaller car capacities 
which can adequately serve rural or suburban communities. Many 
have already outgrown their car capacities. The solution has been 
simple and economical in those theaters owning sufficient land. It 
has been necessary only to add and equip one or more ramps. 

Indications are that an undetermined number of well-established 
drive-in theaters which have been in operation for several years have 
made plans for improvements and for replacing their old equipment. 

All of these activities are conclusive proof that the drive-in theater 
business is here to stay. Exhibitors were literally pushed into it as an 
aftermath of World War II. In the opinion of the author, only a 
World War III can be its Nemesis. 
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Summary—A 16-mm sound motion picture projection system according to 
U.S. Navy Bureau of Ships Specification CS-P-41A must meet high-quality 
standards for picture and sound reproduction, while retaining the necessary 
durability for Navy use. It must provide high light output with good light 
distribution, long film life, low flutter, low distortion, and good frequency re- 
sponse. A projector designed for this purpose uses a sprocket type intermit- 
tent and unit component construction for ease of maintenance. The paper 
describes the projector mechanisms and amplifier circuits, and states per- 
formance results. 


HE 16-MM SOUND MOTION PICTURE PROJECTION SYSTEM to be 
described has been developed in part under a contract with the 
United States Navy Bureau of Ships. The specification which has 
been used as a guide throughout this development is in many respects 
an extension of Specifications American Standard Z52.1 and Joint 
Army-Navy P-49. In effect, it calls for a system which has per- 
formance approaching 35-mm standards, as well as the necessary 
sturdiness to withstand severe Navy use. Initial review of conven- 
tional 16-mm components indicated that one or the other of these 
requirements would have to be sacrificed to some extent if conven- 
tional 16-mm_ techniques were followed throughout. The most 
promising approach seemed to be to incorporate the desirable features 
of 35-mm techniques into a 16-mm projector. In keeping with this 
idea, new components were developed where necessary and were 
adapted to existing components to establish the projector design. 
The amplifier and loudspeaker units were developed with similar ob- 
jectives in mind. 
The three basic units, projector, amplifier and loudspeaker, may be 
operated as a single-projector, single-amplifier system (Fig. 1), or 
may be expanded into any combination of two projectors and two 
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amplifiers. For change-over operation, a junction box is required 
to interconnect the two projectors. Each unit is housed in a separate 
carrying case which has space for accessories and operating spares. 
The cases are made of a newly developed sandwich laminate of cellu- 
lar-cellulose-acetate bonded between thin aluminum sheets. Panels 
of this material are lightweight, but are extremely rigid. | Covers are 
gasketed to seal against moisture and dust. 

The projector mechanism is shock-mounted at four points in the 
carrying case. Sealed ball bearings lubricated with high temperature 





Fig. 1. Projector and amplifier. 


grease are used on all shafts except those in the intermittent mecha- 
nism, where sleeve bearings are used. To minimize the effect of 
corrosion; the materials employed are protected aluminum alloys, 
copper alloys, corrosion-resistant steel, or fiber. 


PROJECTOR 


The projector (Figs. 2 and 3) operates from 115-volt 60-cycle alter- 
nating current. Film is transported at the sound speed only, namely, 
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Fig. 3. Projector, operating side. 





eee 











174 LORANCE, D1pBLE AND REED February 


24 frames/sec. Reel arms, tilt mechanism, and electrical outlets are 
wholly enclosed within the carrying case, and a 2000-ft reel is carried 
in the cover of the case. The reel arms are an integral part of the 
projector, and are both positioned above it in operation. For ease 
in assembly and service, the projector uses a vertical main frame to 
which components and subassemblies are fastened. The components 
which make up the projector are discussed below. 


Drive Motor 


An 1800-rpm, synchronous type drive motor is used in preference 
to a governor-controlled unit. Although the synchronous motor is 
the larger and heavier of the two, its quieter operation, more constant 
speed, and the fact that it requires no brushes are decisive points in its 
favor. 

The centrifugal starting switch in the motor is interconnected with 
the projector controls so that the projection lamp cannot be energized 
unless the motor is running. 


Intermittent Mechanism 


The projector uses a sprocket type intermittent mechanism which 
provides a four-tooth continuous film control. This type of inter- 
mittent provides a favorable stress distribution at the sprocket holes, 
and has a corresponding advantage in regard to film life. Film life 
tests! have shown that several thousand passages may be made with- 
out damage to the sprocket perforr ‘ons. 

The mechanism is housed in an ou-filled gear box receiving an input 
drive from the synchronous motor and providing output drives for 
the shutter, intermittent sprocket, and the vertical shaft. The shut- 
ter shaft is driven at 1440 rpm through a single mesh of spiral gears. 

The principal parts of the mechanism are shown in Fig. 4. The 
12-tooth intermittent sprocket (1) is indexed by a 12-tooth star 
wheel (2) and a cam (3) which has a 50° operating section on the 
shutter shaft. The star wheel teeth are held in contact with the 
dwell surface of the cam by a preloaded, spirally coiled, flat spring (4). 
The center of the spring is fixed to the star wheel shaft and the outside 
of the spring is fastened to a spur gear. The spur gear unwinds the 
outside of the spring at a uniform rate while the center is being wound 
up at the same average rate by the intermittent action. Using spring 
loading in this manner not only simplifies the cam construction but 
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also provides automatic wear take-up during the life of the mecha- 
nism. Since but one surface is required for tooth registration, ma- 
chining of a tooth-confining cam surface and the need for close tooth- 
thickness tolerances are eliminated. 

Framing is accomplished by moving the shutter shaft axially. 
This movement shifts the registration surface of the cam, rotating 
the intermittent sprocket. The projection aperture thus remains 
stationary on the screen during framing, and the picture moves within 
this aperture. 

Sealing the gear box against oil leakage has been effected by the 
use of Johns-Manville synthetic rubber shaft seals which are pressed 
into the housing and flexibly grip the shafts. 
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STARWHEEL (2) 
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Fig. 4. Schematic of intermittent mechanism. 


The shafting arrangement of the intermittent mechanism has per- 
mitted the use of a large disk type shutter to achieve a relatively high 
light efficiency. With an 814-in. diameter shutter, located *¢ in. 
from the film plane, a light efficiency of 73° has been attained. 

A V-belt pulley assembled as part of the shutter drives a 3%16-in. 
diameter blower-wheel at 2450 rpm for ventilating the lamp house. 
The relatively slow operating speed minimizes blower noise. How- 
ever, the blower wheel is large enough to realize a free-air discharge 
rating of 140 cfm at this speed. 


Gate and Film Trap 


The gate and film trap have been designed to register the film on 
the emulsion surface for standard 16-mm emulsion position, and to 
guide the film from the sound track side. Guiding the film in this 
manner conforms to ASA specifications. Chandler, Lyman, and 
Martin? have ably discussed the film gviding problem with respect to 
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lateral film shrinkage. When the film is guided at the perforated 
edge, a rail between sound track and picture area which will not 
encroach on the sound track becomes impracticably small. This 
results from the fact that the sound track, being opposite the guided 
edge, will be shifted nearly the full amount of the shrinkage. In 
guiding the film from the sound track side, the shift between the 
picture and sound due to shrinkage is a smaller proportion of the 
total, and therefore a reasonably large rail can be provided. Regis- 
tration on the emulsion side of the film eliminates any effect of in-and- 
out-of focus which might arise from variation in film base thickness. 

For threading, a lever at the top of the film trap casting retracts 
the spring-loaded, film side guides and, at the same time, lowers 
the intermittent sprocket shoe. The film trap body and pressure 
shoe form a funnel-like entrance which defines the film plane. The 
film, in entering, depresses the pressure shoe, providing the necessary 
gate opening. The film trap casting is removable for cleaning pur- 
poses, at which time the pressure shoe also becomes accessible. 


Lamp House 


The complete lamp house assembly is mounted at the back of the 
mainframe. The projection lamp and optical elements are supported 
on the lamp house door, and are thermally insulated from it. Either 
a 750-watt or a 1000-watt incandescent lamp may be used. 

The projection lamp is a newly developed General Electric type 
which burns base up. It has a medium ring, double contact base. 
The mechanical mounting ring on the base is independent of the elec- 
trical contacts, and is large enough to permit very accurate position- 
ing. Filament size, construction, and bulb size are consistent with 
current practices. However, since the lamp operates with the fila- 
ment in the downward position, the cooling air strikes the hottest 
portion of the lamp first, which should result in more effective cooling 
and correspondingly longer lamp life. Also, any blackening of the 
interior. wall due to evaporating tungsten occurs far enough above the 
optical axis so that there is very little loss of light during the life of 
the lamp. 

When the lamp house door is open, the lamp is easily lifted out for 
replacement; it is held in position by the spring-loaded electrical 
contacts only when the door is closed. Opening the door actuates a 
safety switch which de-energizes the contacts in the top of the lamp 
house. 











1950 





16-\MIM ProsgecTor 177 


The projection opties consist of a Bausch & Lomb 22-mm single 
aspheric condenser lens with a 39! 5-mm spherical reflector, positioned 
behind the projection lamp. The combination of an accurately 
positioned projection lamp and these optics produces the high screen 
illumination and good light distribution shown in Table I. 


TABLE | 


SYSTEM PERFORMANCE CHARACTERISTICS 


Light Output (shutter running), 750-watt lamp: 320 lumens 
1000-watt lamp: 430 lumens 


Uniformity of Illumination (% of center), average corner: 92% 


lowest corner: 85% 
Picture Unsteadiness (% of picture width), vertical: 0.2% 
horizontal: 0.1% 
Flutter (measured on RCA Meter No. MI-9763-B), average: +0.25% 
maximum: +0.35% 


Noise of Projector Mechanism: 63 db above L0~" watts/sq em 

Power Output: 20 watts with less than 2% distortion from 100—4000 c/sec 
Frequency Response from Film: 3 db below midband level at 80 and 5000 ¢/sec 
Electrical Noise Level (controls set at normal): 55 db below 20 watts 


Lens Mount 


The lens mount accommodates objectives having the dimensions 
shown in JAN—P-49. A one-piece focusing sleeve, cut longitudinally, 
clamps and locates the lens barrel. The design utilizes the elastic 
properties of the sleeve to grip the lens barrel securely, while per- 
mitting ready release by a cam crank in the longitudinal cut. The 
end of the sleeve forms an accurate register surface for the shoulder 
on the lens barrel, so that the lens can be returned to exact position 
after removal for cleaning. A double thread on the outside of the 
sleeve provides fine focusing. 

The projector is equipped with a Bausch & Lomb 2-in., f/1.6 
Supercinephor “16” lens which resolves better than 90 lines/mm over 
the whole screen. Lenses with focal lengths between two and four 
inches can be accommodated. 


Take-up 

The take-up device utilizes the weight of the film on the reel to 
provide variation in driving torque so that reasonable film tension 
may be maintained under all conditions. With proper adjustment, 
a 5-oz tension in the film may be obtained with an empty reel, and 
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this tension decreases to approximately 2 oz when 2000 ft of film 
have been taken up. 

Rewinding is accomplished without interchanging reels. The re- 
wind drive, engaged by a mechanical switch near the feed sprocket, 
handles 2000 ft of film in 3144 min. A slip clutch allows the full reel 
to coast to a stop without damage to the drive when the projector is 
shut off. 


Sound Head 


The sound scanning mechanism is an integral unit assembled 
through vibration isolation mounts to the main frame. The pre- 
focused exciter lamp is operated from a radio-frequency power supply 
in the amplifier. The Bausch & Lomb scanning lens tube is similar 
to those used in 35-mm projectors, except that the adjusted-jaw me- 
chanical slit has been reduced in size so that the width of the slit image 
is approximately 0.0005 in. The scanning beam thus obtained is 
independent of the size of the lamp filament. From the theoretical 
consideration of the scanning losses* the zero-output frequency for 
an 0.0005-in. scanning beam is 14,400 ¢/sec (cycles per second); 
at 7,200 ¢ ‘sec, the output is down only 4 db. 

A double convex lens mirror focuses the light beam onto the cathode 
of a blue-sensitive gas photocell. For film having emulsion in the 
nonstandard position, a plane parallel piece of slide cover glass ap- 
proximately 0.011-in. thick is inserted in the light beam to shift the 
focus from one surface of the film to the other. In this way the fine- 
ness of the slit image is retained for film with nonstandard emulsion 
position. Provision has been made for focusing the optic tube as well 
as adjusting it in azimuth and in lateral position. 

The mechanical filter* which transports the film through the sound 
head consists of a film-driven eddy current drag sprocket, a flywheel 
on the scanning drum shaft, and a flexibly driven sound pulling 
sprocket. The inertia of the flywheel on the scanning drum shaft 
and the compliance of the spring in the flexibly driven sound sprocket 
determine the low cutoff frequency of the filter. The eddy current 
drag sprocket damps any oscillation at the natural frequency of the 
filter, and also provides frictional torque for rotating the scanning 
drum so that a pad roller with its attendant difficulties is not re- 
quired. The coil in the flexibly driven sound sprocket is preset in 
relation to the torque imposed by the eddy current drag so that a film 
loop is formed on starting the projector. The film loop thus formed 
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isolates the intermittent from the sound head and at the same time 
establishes synchronization between picture and sound. <A second 
film loop between sound and holdback sprockets isolates the sound 
head from the effect of the take-up. 


AMPLIFIER 


The amplifier has been designed to meet Navy mechanical and 
electrical specifications, and consequently differs considerably from 
amplifiers used in current commercial projectors. It supplies a power 
output of 20 watts to a 4-ohm load, with distortion considerably below 
the required maxima of 20% between 100 and 2,000 ¢/sec, and 4% 
between 2,000 and 4,000 ¢ ‘sec. The normal frequency response of the 
amplifier is 3 db below the midband output level at 80 and 8,000 
c/sec. Separate treble and bass tone controls provide adequate range 
to compensate for most acoustic and film deficiencies. The amplifier 
gain is sufficient to develop a 20-watt output from 400-c/sec level 
test film, with a reserve gain of 20 db when minimum specification 
limit tubes are used. Connections are provided for microphone input 
and for a monitor speaker. 

Circuit 

The circuit consists essentially of an input feedback loop, one stage 
of amplification containing the volume and tone control circuits, and 
an output feedback loop. 

A pentode and a triode stage are included in the input feedback 
loop where about 25 db of over-all negative current feedback are 
used. The feedback reduces the effective input impedance of the 
amplifier to the extent that a capacity as high as 200 micromicrofarads 
in the photocell cable causes no appreciable change in the amplifier 
output at 10,000 ¢/see. A 15-ft length of RG71/U signal cable could 
thus be accommodated. Cable microphonies, hum, and distortion are 
also attenuated. 

A 40-db attenuator having 2-db steps is used as a volume control. 
From this control, the signal is amplified in a single triode stage which 
drives the tone control network. The range of boost and attenuation 
afforded by the separate low and high frequency controls is shown in 
Fig. 5. 

The output feedback loop includes three stages: a triode amplifier, 
a triode phase inverter, and a power stage using push-pull 6L6GA 
tubes in class AB; operation. Feedback voltage developed across the 
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secondary of the output transformer is coupled to the cathode of the 
triode amplifier stage, giving 10 db of over-all feedback. 


Exciter Lamp Supply 


An oscillator type power supply for the 6.5-volt, 2.75-amp exciter 
lamp is built into the amplifier chassis. The oscillator uses a single 
6L6GA tube which operates at a frequency of 30 kilocycles per 
second, and has an efficiency of about 50%. With this type of power 
supply, the exciter lamp filament is not subject to cyclic temperature 
variations within the audio range, as it would be if it were operated 
from a 60-cycle source. 
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FREQUENCY IN CYCLES PER SECOND 
Fig. 5. Frequency response. 
Construction 


The components have been selected to give as reliable operation 
as possible under extremes of shock, vibration, temperature and hu- 
midity. All paper condensers and transformers are hermetically 
sealed. The carbon tone control potentiometers are of the molded 
element type. Insulated carbon resistors and vitreous enameled 
power resistors are used throughout, and are operated at less than 
50°> of their power ratings. Three hermetically sealed plug-in 
electrolytic condensers are required as cathode by-pass units, but the 
amplifier will function at slightly reduced gain with any of these 
removed. All other condensers are either mica or oil-filled paper 
units, operated at less than 75% of their voltage ratings. 
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The aluminum alloy chassis is given a high degree of rigidity by 
partitions and angle reinforcing members which also provide shielding 
and mounting supports for terminal strips. The chassis is secured in 
the carrying case by a shock absorbing aircraft type rack, and may 
be removed for servicing by loosening two thumb-nuts. Spare tubes, 
electrolytic condensers and lamps are housed in the amplifier carrying 
case. 





Fig. 6. Loudspeaker. 


LOUDSPEAKER 


The Western Electric Model 754B loudspeaker, used with this 
equipment, is a 12-in. diameter unit with a 4-ohm nominal impedance. 
It has a high power handling capacity, and is constructed to with- 
stand heavy shock and vibration. It is the only known commercially 
available reproducer having both the required efficiency and a 
phenolic impregnated cloth cone. This loudspeaker is operated with 
the back of the carrying case (Fig. 6) closed, the enclosed volume being 
approximately that recommended by the manufacturer. 
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Animar Series of Photographic Lenses 


By K. PESTRECOV ann JOHN D. HAYES 


Bauscn & Lome Opticat Co., Rocnester, N.Y. 


Summary—A new series of highly corrected lenses, with focal lengths 
ranging from 12.7 mm to 100 mm, has been designed for 8-mm and 16-mm 
cinematography. The speed of some lenses in this series is as high as f/1.5. 
Some general problems of optical design and of evaluation of lens per- 
formance are discussed. Strict criteria are used for appraising the quality 
of these lenses, which will be introduced on the market under the name of 
Animar. 


BouT three and a half years ago the late Dr. W. B. Rayton intro- 
A duced! to the Hollywood convention of this Society a series of 
new f/2.3 Baltar lenses of short focal lengths. These lenses were pri- 
marily intended for new professional 16-mm cameras that were reaching 
the final design stages and were about to be introduced on the market 
at that time. Considering the preference of some camera manufac- 
turers for using their own focusing mounts, and because of uncertain- 
ties as to whether all camera manufacturers would eventually adhere 
to the same mounting dimensions, the Baltar lenses were offered 
in plain barrels, and the fitting into focusing mounts for any particular 
camera was left to the camera manufacturers. This has limited the 
use of Baltars to just a few types of cameras whose manufacturers 
have been willing to undertake the task of mounting. 

In the meanwhile the extensive engineering efforts of many indi- 
viduals and organizations have resulted in a number not only of 16-mm 
professional, but also of 16-mm semi-professional and 16-mm and 
8-mm amateur cameras. Most of these 16-mm cameras are capable 
of accommodating lenses having the mounting thread of 1.000 in. 
X< 32 and the registration distance of 0.690 in., and practically all 
8-mm cameras accommodate lenses of 0.625 in. X 32 thread and the 
registration distance of 0.484 in. Thus a wide interchangeability of 
lenses now is possible and an extensive market is available for lenses 
of these standard mounting dimensions. 

Characteristic of this market is the demand for high-quality 
products at a reasonable price. Due to the great improvements made 
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during and after the war in engineering and manufacturing, camera 
manufacturers have been capable of meeting the quality requirements 
to such an extent that in many cases the difference between a “‘profes- 
sional’’ and a “nonprofessional’’ camera can be attributed not to some 
performance deficiency of the latter but only to its lacking a number of 
special features which are considered essential for efficient motion 
picture production on the Hollywood level. Disregarding some ex- 
ceptions, it seems fair to state that the basic limitations of the present- 
day 16-mm and 8-mm motion picture photography lie not in the 
mechanical shortcomings of cameras but in the inherent restrictions 
imposed by the laws of optical image formation (problems of depth 
of field and difficulties of exact focusing with lenses of short focal 























TABLE I 
ANIMAR SERIES OF Motion Picture LENSES 
For 8-mm Cameras For 16-mm Cameras 7 
Focal Diagonal Focal Diagonal 
length, f/ coverage, * length, f/ coverage, * 
mm number degrees mm number degrees 
12.7 2.8 24.3 15 3.5 43.8 
14 1.9 22.1 25 1.5 27.1 
15 1.5 20.6 25 2.7 27.1 
25 2.7 12.5 26 1.9 26.1 
37.5 3.5 8.3 50 3.5 13.7 
75 3.5 9.2 
100+ 3.5 6.9 





All these lenses have the standard mounting threads and the registration dis- 
tances mentioned in the beginning of this paper. 

The lenses for 16-mm cameras may be mounted on 8-mm cameras by means 
of special adapters. ; 

* Based on the projector frame. 

t Named Tele-Animars. 


lengths) and by the materials used for photographic recordings 
(granularity of emulsion and warpage of film). Some of these optical 
factors will be evaluated in another paper planned for a future 
convention. 

The mechanical excellence of many postwar cameras and the gen- 
eral education of the public to the appreciation of better motion 
picture photography necessarily impose the requirement of high 
quality also on the lenses for these cameras. This requirement is 
eminently met by the Baltar series. However, the requirement of a 
price which “the general public can afford” and the occasional need 
for lenses faster than f/2.3 Baltars had to be met by another series 
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of lenses, which are being introduced on the market under the name 
of Animar. A list of these lenses is given in Table I. 


GENERAL NOTES ON OpTIcAL DESIGN 
AND ON PERFORMANCE EVALUATION 


The purpose of designing this series was to produce lenses that would 
be economical from the point of view of the manufacturer and the 
purchaser. Hence an effort was made to utilize a minimum number 
of components without sacrificing the basic requirement of high- 
quality performance. Extensive research and development work 
was needed for meeting this condition. Finally it was found possible 
to use not more than four elements for practically the whole series, 
with the exception of the f/1.5 lenses in which design six elements 
were necessary in order to meet the desired quality of performance. 

In this connection and for a better appraisal of the results, it seems 
worth while to discuss some misconceptions with regard to design and 
performance evaluation of optical systems. These misconceptions 
are: that a high quality of optical performance cannot be achieved 
unless many elements are utilized in the lens construction; that there 
are some new developments in lens design which make obsolete all 
previously used formulas; that a formula originally developed for a 
certain angular coverage can always be improved if the required 
angular coverage is reduced; and that resolution tests can serve for 
absolute evaluating of lens quality. All these statements have grains 
of scientific truth, but they cannot be accepted without severe reserva- 
tions. 

There is no general rule for determining the minimum number of 
elements necessary for producing a high-quality optical system. For 
example, in astronomical telescopes, which require almost perfection 
in performance, only two elements may be sufficient because of the 
extremely narrow angular coverage at a low speed. More than two 
elements are usually required for covering an extended field at a 
speed higher than about f/8. It was a truly great contribution to the 
field of photographic optics when in 1893 H. D. Taylor developed a 
triplet design (frequently known as the “Cooke Lens” because at that 
time he was with Cooke and Sons of York, England), and clearly 
demonstrated that three elements may be sufficient for obtaining a 
speed as high as f/4 and a coverage up to at least 25° from the axis. 
The suitability of triplets has been later extended to speeds approach- 
ing f/2.5 Disregarding some special designs such as the Kellner? and 
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Schmidt systems employing reflective components and _ correcting 
plates, it seems that at least four elements are needed for obtaining 
an extended coverage at speeds in the neighborhood of f/2.0, or even 
higher if the coverage is limited to a few degrees from the axis. One 
of the principles of fast four-element designs was discovered by J. 
Petzval as early as 1840, and ever since it has been employed for 
producing very satisfactory photographic and projection lenses. 
The Petzval constructions frequently fail, however, when the require- 
ment is to cover a field greater than about six degrees from the axis 
at a high speed; then more el~uents are usually necessary for a satis- 
factory image quality in the periphery of the field. 

It is fortunate that mc.tly moderate angular coverages are involved 
in motion picture photography. Thus with “standard lenses” (focal 
length of 4 in. for 8-mm cameras, and of 1 in. for 16-mm cameras) 
the diagonal field actually utilized for projection is less than 27° 
(that is less than 13.5° from the axis), and it may be just a few degrees 
for a “telephoto” lens. Therefore, three- and four-element designs 
may be particularly suitable in this application. 

In regard to recent or future new developments in lens design, it 
should be sufficient to state that a thorough knowledge of fundamental 
principles and limitations of optical systems had been acquired by 
the end of the last century, and that practically all basic constructions 
were already in existence in the early part of this century. The 
progress since that time has not revealed itself in any fundamental 
discoveries, but in a broader exploration and a deeper understanding 
of theoretical relationships pertaining to optical design, and in their 
practical application to further development of some promising rudi- 
mentary forms. By extreme modifications and extensive compound- 
ing of these forms, some designers have succeeded in exploiting the 
inherent, but previously overlooked or not explored, possibilities, and 
in developing novel constructions of almost spectacular character- 
istics, thus practically reaching the limits of the possible in optical 
design. The evolution of the Gaussian type objectives, mentioned 
later in the text, is particularly illustrative of the creative thinking 
in lens design. One of the mo or factors in this progress has been the 
increased choice of optical glasses. There is, however, no hope that 
this choice may be extended indefinitely, and no hope that some new 
revolutionary principles of design will be discovered. It seems that 
the time is approaching when major explorations in optical design 
should come to an end with nothing left to do but the tedious task 
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of cleaning up details, which is, according to a recent paper by George 
Gamow,?* a fate looming for physics in general. Actually the ‘“clean- 
ing up of details” has been, for some time, the major activity of opti- 
cal designers. ‘This activity has resulted in many excellent systems 
providing either speeds or angular coverages or both far above those 
that could be anticipated with the basic forms. The successful 
development of these systems, however, only emphasizes the fact that 
unless some radically simplified solutions of design problems are dis- 
covered, no great advances should be anticipated either from further 
modifications of the now available forms or from increasing their 
complexity by further compounding.‘ As the matter stands now, it 
is highly illusory to entertain hopes that the desired simplified solu- 
tions are forthcoming. 

It is superfluous to state that, if the best possible results are to be 


achieved, an optical system should always be designed with due regard 


to the intended application. This does not mean, however, that a 
lens designed for a given coverage can be readily made better for a 
less extended coverage, or that some other system can be chosen for a 
superior performance within the reduced field. The fact is that each 
case should be treated in accordance with its merits, and that quite 
often no substantial gains can be made by redesigning a system for a 
narrower coverage. This is particularly true when the original system 
was designed for a relatively small coverage, and its oblique aberra- 
tions were reduced to a negligible minimum. Then the performance 
of the system within a still smaller coverage will be determined pri- 
marily by its residual spherical aberration. _ If the residual in the origi- 
nal design was reduced to a minimum desired by the designer, it 
would be purposeless for him to attempt a redesign of this system for 
a smaller coverage. 

In the course of this work the goal was to produce a series of lenses 
whose aberrations would be most favorably balanced for the field 
of the 8-mm motion picture frame, and to produce another series 
specifically for the 16-mm frame. Still all the lenses intended for 
16-mm cameras will perform equally well on 8-mm cameras, If, for 
example, a question should be raised whether or not the design of the 
100 mm f/3.5 Tele-Animar could be advantageously modified for 
8-mm coverage, the answer would be an emphatic “no,”’ because the 
residual aberrations of this form were reduced to insignificant amounts 
even for a larger coverage, that is for the entire area of the 16-mm 
frame. As a matter Of fact the correction of this formula is so satis- 
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factory that it can be used for covering the 35-mm frame without sub- 
stantial sacrifices of the image quality in the extended field, excepting, 
perhaps, its very margin. 

The problem of determining the performance of a lens has often 
been reduced to a recording of “its photographic resolution” on the 
assumption that a resolution record can reveal the intrinsic quality 
of the lens. Testing for resolution is of much value in evaluation of 
lens performance; nevertheless, the method has definite limitations 
which have been recently surveyed by a number of investigators in- 
cluding one of the authors.** The basic fact is that a photographi- 
‘ally recorded resolution pattern generally reveals neither the per- 
formance of the lens itself nor that of the emulsion itself, but that 
of the lens-emulsion combination. 

If the lens is practically free from aberrations, its intrinsic resolution 
potentialities are indicated by its Airy disk (discussed in the papers 
referred to above) whose diameter is a function of the lens {/number 
and of the wavelength of light used in the image formation. The 
photographie resolution obtainable with a nearly perfect lens is 
essentially limited by the resolving power of the emulsion used, unless 
the emulsion resolving power is higher than the “Airy resolution” 
of the lens; then the lens becomes the limiting factor.’ 

The situation becomes much more complicated in the presence of 
aberrations. Then the lens itself becomes the primary limiting factor 
which always tends to keep the attainable photographic resolution 
of a lens-emulsion combination under the maximum resolution of the 
emulsion. Therefore, if a lens within a certain area of its coverage is 
‘vapable, for example, of recording a resolved pattern of 100 lines 
mm on some emulsion (whose resolving power will have to be some- 
what higher), no conclusion can be drawn that the “resolving power 
of the lens’’ will not be the limiting factor in photography on emul- 
sions of resolving power lower than 100 lines/mm. Indeed it may 
happen under some conditions that in photography with the same 
lens on a low-resolution emulsion the resolution will be significantly 
below the rated resolution of the emulsion. 

Due to the extreme complexity of the situation and the lack of 
standardization of resolution tests, data on the resolution recorded 
with a lens may be highly misleading if they are not accompanied by 
an identification of the target and the emulsion used in the tests, and 
if they do not reveal the lens performance within the entire intended 
area of coverage. Even when these qualifications are met, the data 
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may be of little value in absence of comparative data for similar 
lenses of other makes. Such data are generally not available. 

Attempts have been made to determine the inherent performance 
characteristics of image-forming systems either by an analysis of 
the energy distribution within aberrated image patterns (D. G. 
Hawkins and E. H. Linfoot,? M. Herzberger,? A. Maréchal,” and 
others) or by the ingenious recording of response-resolution curves 
of the systems (O. Schade!'). These investigations are definitely a 
move in the proper direction. Their application to routine rating 
of photographic lenses will have to wait, however, until the methods 
and the instrumentation involved become more widely accepted 
among optical industrial laboratories, and until an extended experi- 
mental material is accumulated. 

Irrespective of the significance that may be attached to these inves- 
tigations or to any resolution data, the residual aberrations of a lens 
are the primary indicators of the degree of perfection attained in its 
design. The situation here is also very complex as, in order to obtain 
a satisfactory performance, it is necessary not only to reduce all the 
aberrations to an acceptable minimum but also to obtain a most favor- 
able balance of all the residuals within the entire field of coverage. 
Because of this complexity and of the unavoidable compromises, 
it is impossible to rate a state of correction of a lens by some numeri- 
‘al coefficient that would express the relative standing of a design 
among other designs. Nevertheless, the rather extended published 
material on the correction of various formulas provides a relatively 
good basis for a qualitative comparison, and, in the case of a high 
degree of correction, the comparison may be based on the tolerances 
derived from the Rayleigh quarter-wavelength criterion of perfection. 
The basic forms of these tolerances may be found in the well-known 
book by Conrady.'? These tolerances will be used for an appraisal 
of the representative Animar formulas. 

It should be understood that, when used in connection with photo- 
graphic optics, the Rayleigh tolerances seem so severe that optical 
designers generally do not hesitate to accept residual aberrations 
several times greater than would be acceptable on the basis of the 
Rayleigh criterion. The problem of meeting these tolerances be- 
comes increasingly difficult for lenses of longer focal lengths because 
the linear aberrations in lenses derived from one basic formula are 
directly proportional to the focal length, while the Rayleigh limits are 
independent of the focal length. Considering these facts, Conrady, 
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a man of unquestionable authority in optical design, found sufficient 
justifications for establishing less strict tolerances for coma, astigma- 
tism, and curvature of field. In the appraisal of the Animar series 
these practical tolerances will be referred to, as well as the strict 
tolerances based on the original Rayleigh criterion. 


DESIGN AND PERFORMANCE CHARACTERISTICS OF ANIMARS 


The Animar series, in its present stage of development, consists 
of lenses utilizing three, four, and six elements in their construction. 

Since the first triplet was derived by H. D. Taylor, many successful 
efforts have been made to improve the formula and extend its useful- 
ness. There are now a multitude of triplet formulas recorded in 
general and patent optical literature, and many triplet constructions 
have been widely utilized by manufacturers of photographic and pro- 
jection lenses. A number of triplet formulas have been continually 









I “7 r, ™ Fig. 1. Basic form of triplet Animars, 
LLANE U.S. Patent No. 2,453,260. 
Ly < f/2.7, Focal Length 100 mm 
R3 
z Ba) Lens IR; = 40.94 Di = 8.74 No = 1.6170 
Fc IIR; = 55.65 D,= 2.78 Np = 1.6490 
mu py 2 Rs Ry = 39.75 te = _< V¥ = 33.8 
Vz 43 = Ge 
Re III Rs = 107.56 D; = 9.54 Nv = 1.6170 
Re = 43.33 Vv = 55.0 


used by Bausch & Lomb. Some of them could be readily and satis- 
factorily employed for this particular application. Still, it was con- 
sidered desirable to explore further possibilities of a better design, 
and extensive studies were made of the existing triplet constructions 
before the basic formula was finally derived for the triplet Animars.** 
This basic formula is represented in Fig. 1. Its modifications were 
used in the construction of the following lenses: 12.7 mm f/2.8, 
25 mm f/2.7, 37.5 mm f/3.5, and 50 mm f/3.5. 

Fhe excellent state of correction of these constructions may be 
illustrated by comparing the residual aberrations of the 12.7 mm f/2.8 
Animar with the Rayleigh-Conrady tolerances (Table II). The 
following reservations should be noted with regard to this comparison. 
In deriving the formulas for tolerances, Conrady subjected the Ray- 
leigh criterion to certain interpretations, and he made certain assump- 
tions which are not necessarily realized in every design and under 
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the actual conditions of focusing a lens. Thus the tolerance for 
marginal spherical was derived on the assumption that this aberration 
is preponderantly primary in a lens under consideration; this, how- 
ever, practically never occurs in well-corrected lenses in the range of 
speeds represented by the Animar series. The tolerance for zonal 
spherical was based on the assumption that the marginal spherical 
is reduced to zero, which is not a generally preferred state of correc- 
tion. The derivation of the tolerance for astigmatism and curvature 
of field involved the supposition that there is no vignetting and that 
the lens is focused on the image plane midway between the axial and 
the marginal focus. Since all these conditions are hardly ever satis- 
fied simultaneously, the Rayleigh-Conrady tolerances may be rigor- 











TABLE II 
CORRECTION OF THE 12.7 mm f/2.8 ANIMAR 
tayleigh—Conrady Residual 
Aberrations Tolerances Aberrations* 
Marginal] spherical ; 0.08 mm +0.01 mm 
Zonal spherical 0.11 mm —0.09 mm 
OSC’: strict 0.06% 
practical 0.25% 0.01% 
Comatic patch: strict 0.005 mm 
practicalt 0.025 mm 0.008 mm 
Curvature: strict 0.01 mm 
practicalf 0.14 mm T -—0.05 mm 
8 


—0.09 mm 





* All the aberrations are for D spectral line. leer 
The oblique aberrations are for 12.5° field angle. 
¢ For extremely sharp definition. 


ously applied only in some special cases of extremely well-corrected 
systems. The other extreme is represented by the systems with re- 
sidual aberrations many times greater than the Rayleigh-Conrady 
tolerances. Then, no useful information can be obtained from refer- 
ring to these tolerances. When, however, a system is so well cor- 
rected that its residual aberrations approach the tolerance values, a 
juxtaposition of the residuals and the tolerances should serve well at 
least for illustrating the merits of the design, if not for its quantitative 
rating. 

The 15 mm f/3.5 Animar for the 16-mm frame is the Tessar type. 
Its correction is almost as perfect as that achieved in the 12.7 Animar 
although the angular coverage in this case is nearly two times greater. 
Due to the lower speed, the spherical aberration is even better cor- 
rected than in the 12.7 Animar, the zone being less than one third of 
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the Rayleigh—Conrady tolerance for f/3.5 lenses. The coma is well 
corrected within the entire field, and in the very margin of the field 
it is still near the Conrady practical tolerance. Both tangential and 
sagittal curvatures are well within his tolerance. 

It was particularly difficult in this case to meet the coma tolerance 
because it was undesirable to resort to the usual expedient of reducing 
the diameter of the peripheral image-forming pencil and sacrificing 
the corner illumination. It was believed that uniformity of illumina- 
tion should be considered a very important requirement particularly 
since the advent of color photography. Hence, an attempt was made 
to provide a relatively wide-angle lens with a corner-to-center ratio 
of illumination as high as could be obtained without accepting undue 
compromises with the image quality in the margin of the field. This 
effort resulted in a formula with the illumination ratio of 40% at the 
field angle of 22°. The authors believe this is a very satisfactory 
result, considering the fact that for ordinary f/3.5 Tessar constructions 
of short focal lengths the ratio is usually below 30°, and that among 
the many f/3.5 and faster lenses (of focal lengths from 4 to 5 in.), 
either in our sample collection or reported in literature, only one 
f/3.5 lens'* with the relative illumination as high as 50% at 22° was 
found. It should be noted that the problem of illumination distribu- 
tion usually becomes more difficult for faster lenses. Still, even for 
f/1.9 and f/1.5 lenses in the Animar series a relative illumination 
greater than 40% was secured at the margin of the usable field. The 
ratio for the slower Animars of longer focal lengths is, of course, con- 
siderably higher. It increases with focal length, and approaches 
100% for the 100-mm Tele-Animar. 

Four elements are used in the f/1.9 Animars. The sequence of their 
powers is plus-minus—-minus-plus, which arrangement has been suc- 
cessfully utilized in a number of other designs (type L-c of the Kings- 
lake classification"). The limitation imposed by the small number of 
elements was a serious obstacle in attempts to obtain a high degree of 
correction for these formulas. Nevertheless, a design was finally 
produced whose oblique aberrations, referred to an average plane of 
focus, do not significantly exceed the practical Conrady tolerances 
for f/1.9 lenses. In order to eliminate the disturbing effects of a focus 
shift when the lens is stopped down (this is a quite common phenom- 
enon in lenses for general photographic purposes), the marginal 
spherical aberration was left over-corrected, while the zonal spherical 
was reduced to less than two times the strict Rayleigh—Conrady limit. 
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In the authors’ judgment, the over-all correction of these lenses is 
equal to or better than that of other similar designs, and their photo- 
graphic performance was found highly satisfactory in Bausch & 
Lomb laboratories and in independent tests. 

Four-element constructions have been frequently used for f/1.5 
lenses, and their deficiencies have not been too severe at least in 
amateur motion picture photography. It was thought, however, that 
at the present level of the art, and particularly in professional applica- 
tions, a considerably higher degree of correction is needed than seems 
to be obtainable with four-element constructions of f/1.5 speed. 
For this reason six elements were used in the f/1.5 Animars. The con- 
struction is of the Gaussian type, whose origin and evolution are well 
described in a paper by A. Murray.'® The excellent potentialities 
of this type of construction have been exploited in a number of suc- 
cessful designs, as may be represented by the well-known Baltars, 
Biotars, and some types of Ektars. 























Taste III 
CoRRECTION OF 15 MM f/1.5 ANIMAR 
Rayleigh—Conrady Residual 
Aberrations Tolerances Aberrations * 
Marginal spherical 0.02 mm —0.03 mm 
Zonal spherical 0.03 mm —0.06 mm 
OSC’: strict 0.03% 
practical 0.25% 0.14% 
Comatic patch: strict 0.003 mm 
practicalf 0.025 mm 0.047 mm 
Curvature: strict 0.003 mm 
practicalf 0.08 mm T —0.02 mm 


S —0.04 mm 





* All the aberrations are for D spectral line. 
The oblique aberrations are for 11.0° field angle. 
{ For extremely sharp definition. 


The formula of the f/1.5 Animars is closely related to that of the 
f/1.6 Super Cinephor projection lenses for 16-mm film, which were 
introduced by A. Neumer to the preceding SMPE convention.” 
Major design work was, however, required for obtaining a satisfactory 
state of photographic correction at the f/1.5 speed. The correction 
of the basic formula is illustrated in Table III. 

The formula utilized in the design of the 75 mm and 100 mm f/3.5 
*Tele-Animars may be classified as a triplet construction with the 
front element split into two elements, the second of which is a menis- 
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cus. A prototype of this construction may be traced back to a 
formula produced in 1925 by L. Bertele."* This prototype was later 
subjected by a number of designers to extensive modifications some of 
which involved the introduction of additional elements and their 
compounding. From these modifications evolved the Sonnar lenses 
whose excellent characteristics are generally recognized. It seems, 
however, that the highly favorable possibilities offered by the basic 
four-element construction have been neglected for some time, particu- 
larly in this country, although the construction has been commercially 
utilized by the British. Only recently has a revival of interest been 
revealed by some designers. ' 

The triplet construction with the split front element is highly 
favorable to a satisfactory correction of spherical aberration at fast 
speeds, for an excellent correction of coma, and apparently for a 





Fig. 2. 100-mm Tele-Animar f/3.5 in focusing mount. 


better correction of astigmatism and of curvature of field than is 
obtainable with other fast constructions utilizing only four elements 
(the Petzval and related types). However, the curvature of field still 
remains the basic limitation, so that the coverage can hardly be more 
than about 15° half-angle if strict criteria are used. This coverage is 
approximately represented by the mininium focal length of 10 mm 
for 8-mm frame, of 25 mm for 16-mm frame, and of 50 mm for 35-mm 
frame. 

The excellent characteristics and the apparent limitations of the 
four-element construction were thoroughly analyzed in the course of 
the Tele-Animar design. On the basis of these studies, the conclusion 
was reached that, as compared with a simple triplet, the split triplet 
construction offers definite advantages particularly for covering the 
16-mm frame with lenses of focal lengths longer than 50 mm. Conse- 
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quently, a four-element formula of the type just described was de- 
signed for the 75 mm and 100 mm Tele-Animars, illustrated in Fig. 
2. The speed of these lenses was limited to f/3.5, although it easily 
could be made higher. The reason for this conservatism was that the 
almost ideal correction of the formula at f/3.5 made the authors 
reluctant to accept even minor compromises just to gain in speed 
designation, especially considering the fact that a high speed is rarely 
of much importance in “telephoto” use. The speed of the 50 mm 
and 37.5 mm Animars was kept at f/3.5 for the same reason. The 
correction of the Tele-Animar formula is summarized in Table IV. 


TABLE [IV 
CoRRECTION OF 100 mM {/3.5 TELE-ANIMAR 





Rayleigh—Conrady 





Residual 








Aberrations Tolerances Aberrations * 
Marginal sphérical 0.12 mm +0.07 mm 
Zona) spherical 0.17 mm —0.07 mm 
OSC’: strict 0.04% 

practical 0.25% —0.10% 
Comatic patch: strict 0.006 mm 

practicalf 0.025 mm 0.013 mm 
Curvature: strict 0.01 mm 


+0.03 mm 
—0.03 mm 


practicalf 0.18 mm 


nea 





* All the aberrations are for D spectral line. 
The oblique aberrations are for 3.5° field angle. 
t For extremely sharp definition. 


In the preceding discussions pertaining to the correction of the 
Animar series, nothing was said about its color correction. This is 
because a satisfactory color correction is regarded as an obvious pre- 
requisite of any modern lens intended for motion picture photography. 
While this requirement usually is met without serious difficulties, no 
magic procedures can be derived for obtaining a “superior” color 
correction of fast lenses covering a substantial field, because a limita- 
tion is basically established by the now available selection of optical 
glasses. Therefore, a cursory remark should suffice: that the sec- 
ondary spectrum for every lens in this series was reduced to the gen- 
erally anticipated and accepted limits, and that the oblique color was 
not permitted to exceed a few microns even with the lenses of longer 
focal lengths. 

Finally, it should be noted that, in appraising the performance of a 
lens, the user naturally cannot disregard its behavior at other stops 
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than the maximum, unless his intentions are to deal only with some 
special situations requiring all the available speed of the lens. In this 
connection, observations are frequently made to the effect that, be- 
cause certain compromises are unavoidable in fast lenses of any de- 
sign, a fast lens stopped down should be necessarily somewhat inferior 
to a lens specially designed for use at that lower stop. There are no 
inherent factors that would make such a situation generally valid. 
Indeed, with a favorable balance of its residual aberrations, a lens 
should improve when it is stopped down, and at the smaller stops it 
may be as good or even better than any other specially designed slower 
lens. This situation actually prevails in the Animar series. As 
any one of these lenses is stopped down, its residual aberrations do 
rapidly diminish, and at a stop in the neighborhood of {/5.6 practically 
all of them are brought substantially under the corresponding strict 
Rayleigh—Conrady tolerances. This advantageous characteristic of 
the Animars follows almost self-evidently from the fact (illustrated 
in the preceding tables) that their residual aberrations even at the 
maximum apertures are either under or comfortably near the respec- 
tive tolerances, and it may be further substantiated by the following 
numerical data. The Rayleigh—-Conrady tolerance for the marginal 
spherical at f/5.6 is 0.31 mm; the tabulated data indicate that this 
tolerance is much larger than the residual spherical even of the wide- 
open Animars; when they are stopped down to f/5.6, the residual 
becomes entirely negligible in comparison with the corresponding 
strict tolerance. The Rayleigh—Conrady strict tolerance for coma at 
f/5.6 is 0.01 mm; for the 12.7 mm f/2.8 formula at f/5.6 the trigono- 
metrically computed comatic patch is 0.005 mm (less than the Airy 
disk, whose diameter at f/5.6 is 0.008 mm); the patch for 15 mm 
f/1.5 at f{/5.6 is 0.014 mm and for 100 mm f/3.5 at f/5.6 it is 0.009 
mm. The strict tolerance for curvature of field at {/5.6 is 0.04 mm 
and the practical (for extremely sharp definition) is 0.28 mm; the 
actual residual curvatures of the Animars (see the tables) are within 
these limits even with the lenses wide open. 

The authors do not claim that some special procedures were used 
for obtaining this favorable state of affairs. The gratifying results 
should be attributed to perseverance and luck, which are indispen- 
sable, though not omnipotent, ingredients of any successful optical 
design. 
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DISCUSSION 


Mr. Hersert Lowen: Can you tell us whether the field curvatures were com- 
puted along the principal ray or for the full fan? 

Dr. Pestrrecov: As usual, correction of curvature as shown in the slides was 
computed along the principal ray; but, of course, the residual coma contributes 
to the effective curvature. We try to over-correct the fan to compensate for any 
under-corrected residual curvature along the principal ray or vice versa. If we 
have over-correction of the principal ray, we try to under-correct the fan at that 
particular angle to compensate for that, with the aim of providing as flat a field 
as possible with the wide open beam at the particular point in the film. 

Mr. Lowen: And the tangential difference was for the corner? 

Dr. Pestrecov: Yes. 

Mr. Lowen: And what was the maximum astigmatic difference? 

Dr. Pestrecov: In most of these lenses, because the angles are smal], the corner 
really represents the maximum difference. 
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Color Cinematography 
In the Mines 


By M. CHARLES LINKO 


CINEMATOGRAPHER, CHIcAGo, ILL. 


Summary—Problems involved in 16-mm color cinematography in the 
mines are discussed. Details of power supply, distribution, and voltage 
control are explained. Various photographic techniques necessary to the 
obtaining of exposure, color quality, and modeling under adverse conditions 
are illustrated. 


OLOR CINEMATOGRAPHY in the mines is a challenge to the imagina- 

tion as well as to the physical endurance of those who undertake 

it. Of ten assorted mines visited by the author, over a traveled dis- 

tance of 11,000 miles, a salt mine lent itself most favorably to photo- 

graphic requirements. Nevertheless, it, too, offered those basic ob- 
stacles peculiar to other similar ventures underground. 

Entering a mine with two tons of photographic equipment was a 
laborious and tedious job. Skip hoists were small, limiting a load to 
only a few items. To lower eight 5,000-watt Senior spotlights with 
standards required four trips in many instances. In addition there 
were six 2,000-watt Junior spotlights, four Broadside Doubles! flood- 
lights, hundreds of feet of cable, transformers, and the usual array of 
carrying cases. 

After the equipment was lowered to the working level of the mine on 
the skip hoist it was loaded on a train of cars for the trip toward the 
scene of operations, usually a mile or more from the shaft. Arriving at 
a transfer point it was then reloaded to a number of shuttle cars and 
drawn to the “face” of actual mining operations. Thus, many hours 
were spent moving about within the mines. 


THE Satt MINE 
In the salt mine the “‘roof”’ rose from ten to twenty feet permitting 
lighting from parallels constructed of available workbenches and 
boxes. The uneven floor of a room was leveled where each lamp was to 
be placed and the casters were set in channels cut with a pick. 
Since the source of power was usually within a hundred feet of the 
PRESENTED: October 11, 1949, at the SMPE Convention in Hollywood. 
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shooting area at the mine face, the anticipated voltage drop through 
loss in cables, in addition to the load drawn by the mining 
machinery, suggested the use of the Color Photographic Type 
115-volt, 3350 K (degrees Kelvin) lamps with Kodachrome Commer- 
cial Film. Because this emulsion is balanced for 3200 K it required 
only further reducing the voltage, and consequently the color tem- 
perature, in order to satisfy its color balance characteristics. 

In this mine, supplied with 460-volt, three-phase alternating cur- 
rent, it was necessary to use two 15-kva, 4-to-1, double primary and 
secondary type transformers connected open delta. This permitted 
connection of two 100-ft three-wire cables with two six-hole plugging 
boxes to the secondary terminals of each transformer. These were 
placed in close proximity to the lamps. Fortunately, telephone com- 
munication with the power plant and excellent co-operation from the 
mine officials made it possible to obtain the desired voltage for any 
setup, thereby solving the major problem in this mine. 

Color temperature control was accomplished by referring to the 
lamp manufacturer’s color temperature factor curve for the proper 
voltage required to operate the lamps which indicates a color tempera- 
ture change of approximately 10 K/volt. Accordingly, the 102 volts 
necessary to yield 3219 K was adhered to as closely as circumstances 
permitted. A rise to 108 volts or 3276 K was tolerated. On close set- 
ups numerous lamps were allowed to remain burning outside the area 
being photographed in order to prevent a voltage rise beyond the de- 
sired level. The voltage readings were made at the lamp base. The 
consequent loss of light intensity resulting from this manner of volt- 
age control was overcome by the use of the Maurer Professional Cam- 
era with its 235° shutter opening. The key light was set at 500 ft-c at 
f/2.8 as compared to 900 ft-c recommended by the film manufacturer.? 
Working with a lower level obviated the necessity for intense spotting 
of the light beams, or the alternative of moving in with the lamps, 
either of which would have limited many long shots. The effect was 
that of even over-all illumination without crowding the narrow rooms 
and passages with a battery of floodlights. 

Kicker lights or crosslights were added to enhance the scenes but 
only in rare instances was backlighting possible. To obtain the illu- 
sion of depth, a slightly more intense beam, properly directed and dif- 
fused with black scrim, was played on the background from the side, 
thus preserving the rugged texture with slight shadow detail. It was 
not uncommon to conceal a lamp in the set behind the very machine 





CLR homes teh oP mh 


~~ 











i 
rf 
b 
Ht 


Pb aaa 








*« 








1950 CINEMATOGRAPHY IN MINES 201 


being photographed, often lowering the lighting unit into a pit ex- 
‘ravated for the purpose. 

A common difficulty was that of lighting a long, narrow tunnel 
where the far wall was to be seen in the picture, yet much of the action 
was to take place within the passage. This action often included a 
huge piece of mining machinery passing by and taking up all of the 
passageway but a few feet on either side. In order to obtain sufficient 
light for exposure, niches were made in the ribs and the lamps con- 
cealed within them; light beams were reflected off the roof and the dis- 
tant ribs; a lamp was tied to the back of the moving machine; front 
lights were crisscrossed and flooded, or gradually diffused and reduced 
in intensity with black scrim as the machine approached the camera— 
every artifice was put to use. The extreme range of light level re- 
quired for the scene before the action had taken place, as opposed to 
that required during the enactment, taxed all available facilities. 
Nothing short of remote-controlled shutters on the lamps would have 
served to better the condition. 

Moisture combined with salt particles in the air to form hydrochlo- 
ric acid, requiring that the camera and accessories be dubbed with lan- 
olin to ward off corrosion. Lenses were constantly being dusted. The 
emulsion chosen required no color correction filter, thereby eliminating 
the troublesome annoyance of caring for dusty or fogged filter sur- 
faces. 

At the end of each shooting day all equipment had to be broken 
down and moved to a passage known to be idle overnight because work 
crews progressively blasted in each section. Frequently it was nec- 
essary to load it on cars, have it hauled to a safe passageway, only to 
haul it back to the same place the following morning. 

Upon completion of shooting in this mine, it was noted that the ac- 
tion of the salt had extensively attacked the metal standards, plugging 
boxes, and the like, necessitating a thorough cleansing before leaving 
the location. 

The footage made in the salt mine, aided by the soft reflective na- 
ture of the mineral, was of “high key” value. The slight blue-gray 
tint in the rock was characteristically reproduced in favor of the blue 
tending toward the green in the shadows. The gray values seldom oc- 
curred as a true mixture of black and white. The orange-lacquered 
mining equipment added to the beauty of the settings and was shown 
to excellent advantage in the wide corridors. 
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THE PotasH MINE 
In the potash mines the rooms, ranging from eight to twenty feet in 
width, were less spacious than in the salt mines and the roofs, about 
ten feet high, were lower. The mineral was salmon colored, with 
strata of salt producing what might be a child’s conception of ‘‘Candy- 
land.” Like salt, potash, being almost opalescent, does not reflect 
harshly. 





Fig. 1. The more spacious salmon-colored potash mine, where illumination 
difficulties arose from surges caused by the operation of heavy mining machinery 
such as the shuttle-car, a portion of which can be seen in the right background 
(Photo by Tom Toia). 


The opening scenes were to be filmed in rooms adjacent to those 
being mined. The heavy loading machines drained the power sup- 
ply, causing a fluctuation in the illumination. The only recourse was 
to light the set with this wavering illumination, instruct the personnel 
in the action desired, and when all was in readiness for the camera to 
roll, to signal the operator in the adjoining room to stop his machine. 
A cursory survey of the lighting was made before the take, and in this 
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manner the shooting progressed. The mining machine being photo- 
graphed was equally offensive from the power usage standpoint, how- 
ever, and only in the final cutting does the illumination remain con- 
stant in effect. The initial dimming was of necessity tolerated because 
the cost of running a separate line into the mine was prohibitive. 
Resting on the surface was a 20-kva generator used for lighting the 
5,000-watt Seniors when used as boosters on exterior lighting, but 
which was of no value in this predicament because it could not be 
transported close enough to the scene of action. 

Even more distressing was a bad “take’”’ because the area became 
partially ‘mined out”’ in the process of the shooting and to maintain 
continuity the fragmentary ore had to be shoveled back into place for 
the retake. It may be added that a gunshot would pass unheard 
among the thunderous sounds of a mine in operation. Conversation, 
for the most part, was carried on by one’s newly developed sign lan- 
guage. 

A specific type of cutting machine was encountered in a potash 
mine where the rooms were extremely narrow, scarcely wide enough to 
permit passage on either side of the mechanical monster. There was 
but one direction in which to shoot and that was toward the mine face. 
Since the cutter’s bar also worked its way forward, there was no space 
left for lamp placement. Closer observation of the area revealed that 
advancing drilling crews had left some holes in the ribs just below the 
roof. These served to accept some quickly improvised dowels and 
wire hooks from which 5,000-watt Seniors were suspended. The light 
beams were directed at the face allowing some light to spill over on the 
ribs. Two Seniors placed further back and to one side were diffused 
with black scrim to an intensity of 300 ft-c and directed at the work- 
men in the room. The camera was mounted on two boards elevated 
on sawhorses just a few inches above the incoming machine. The 
forced perspective of the 17-mm lens produced a striking elongated 
mine passage view as the cutting machine emerged from beneath the 
camera. Thus, a hopelessly restricted area was instrumental in pro- 
viding an effective coverage which might have been otherwise 
slighted. 

It was becoming increasingly appparent that lenses of the shorter 
focal lengths were the order of the day. A 20-mm lens was needed to 
supplement the rather extreme 17-mm wide angle that had been ade- 
quate in the more spacious mine. Such a lens, on order for many 
months, had been delivered to the distributor in the East. The cam- 
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era was flown to the distributor while exterior scenes were made with a 
Filmo. 

The color obtained in the potash mines was indeed faithful to the 
original. The emulsion used favored those subtle tints within the 
warm region of the spectrum. Shadows were void of the green veiling 
that prevailed in the salt mine footage. 


THE Iron MINE 


The intense humidity of the iron mines, located 300 ft below sea- 
level, and the ever-present staining of red iron oxide dust caused much 
discomfort and grief. The moist particles became imbedded in the 
crackle finish of the camera parts, necessitating a daily scrubbing 
with soap and water, all other solvents having failed. Personnel ap- 
peared to be wearing a deep shade of panchromatic make-up which 
luckily was photographically of material aid to their dark skins. 

The dimensions of the rooms were much like those of the first pot- 
ash mines. Lamp placement was more difficult here because the ore 
was less thoroughly pulverized. Huge piles of the heavy muck were 
scaled and leveled before the lamps could be set up. 

Of greater consequence was the inadequate power supply. The 
mean average output was approximately 98 volts. Surges from vari- 
ous motors in use caused a drop of from 10 to 15 volts which was made 
doubly bad by the low reflection coefficient of the dull red surround- 
ings. The scenes were lit in accordance with the intensity required al- 
lowing the light to go warm on the premise that the predominant color 
would serve as a camouflage. 

Ninety-eight volts, or 3169 K, represented a departure of lesser con- 
cern at this time, for the new low voltage level drastically reduced the 
light intensity as well. 

In order to obtain the 500 ft-e required for the flesh tones, the light 
beams from two Seniors placed in tandem were overlapped. Back- 
grounds were first evenly flooded, then the projections and recesses 
were crosslighted to accentuate the differences in the various planes. 
Takes were made until one was obtained where the power remained 
fairly constant, the ponderous ore being replaced after each take. 
The gray of the steaming atmosphere was increased by the exhaust 
from the air-powered drills and upon first inspection appeared to be a 
photographic impossibility; however, the use of a minimum of cross- 
lights, essential to impart a feeling of depth, eliminated the fog. The 
effects of the lower voltage were indiscernible in the print. The moist 
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red rock is reproduced in vivid tones of monochrome and, strangely 
enough, some of the deeper shadows are veiled with a transparent 
film of blue. 

THe Zinc MINE 

The zinc mines presented the same conditions encountered in the 
iron mines but with one addition: water. Water rushed in torrents 
along the tracks; it formed puddles throughout the mine; it dripped 
off the roof and made a sea of mud of the working areas except for the 
very face of operations. The roof was so low here that one had to 
walk with his head tilted sidewise; then suddenly the clearance rose to 
a height of 75 ft. 

The power supply dropped to an all-time low, the highest reading 
observed being 96 volts. Since this mine was supplied with 250-volt 
direct current, the power was tapped from the nearest trolley line. 
One lead, fitted with a fusable miner’s nips (a rod shaped in the form 
of a question mark with an insulated handle at its base) was hung 
on the trolley line, the other being clamped to the rail. The Seniors 
were connected in series of two units each, making a set of four series 
units, or eight lamps, parallel across the line and the whole was con- 
trolled by a master switch. 

Since the rock being mined was largely limestone with thin serrated 
strata of yellow and silver zinc, the duil gray surroundings required a 
great deal of light. ‘Effect lighting’’ was resorted to in the long shots 
resulting in a more realistic representation perhaps, but one that de- 
parted somewhat from the style conventionally used in industrial 
filming. Nevertheless, many takes were made before the power re- 
mained sufficiently constant throughout any single operation. 

Some of the workings were photographed at night when only a small 
portion of the mine was functioning. Then there was an overabun- 
dance of power. The use of the variable mine car resistor at full capac- 
ity, with three Seniors burning off the set for voltage control, pro- 
vided 3240 K. 

The control of color temperature by voltage regulation was pre- 
ferred to the use of color compensating filters because no method was 
available at the time for accurately evaluating filters in terms of de- 
grees Kelvin. The feasibility of constant use of color compensating 
filters in the mines is questionable but, as an adjunct to partial volt- 
age reduction, no doubt the aid of the proper filter was direly 
needed. The results in this mine attested to this fact because the cool 
gray surroundings reproduced with a steel-blue cast. 
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THe Limestone MINE 
The natural ventilation in a limestone mine with its entrance at 
ground level permitted driving the truck and generator to the very 
face of the workings. Thus, after 10,000 miles of travel, the genera- 
tor finally was put to use within the mine proper. Without this ideal 
generator location, shooting would have been impossible because the 





Fig. 2. The main haulage-way in the limestone mine, where the natural venti- 
lation permitted the use of a generator driven by an internal combustion engine; 
note the Seniors in the center middle distance placed on the rocky ledge to the 
left of the string of cars (Photo by Beryl Hawkins). 


power available from the mine equipment was little above that re- 
quired to operate the mining machinery. The generator supplied 
power for six of the Seniors, the mine circuit taking the other two and 
some of the smaller units. With virtually complete control of illu- 
mination, shooting day and night, the crew finished in less than half 
the time consumed in other mines. The results here were consistent 
with the more favorable conditions. 
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THE Coat MINE 

The three coal mines visited were supplied with direct current where 
in all cases it was necessary to reduce the voltage. With all lamps 
burning and the resistor in the circuit, in one instance a length of iron 
pipe tied into the line served to lower the output. 

Some of the Color Photographic globes were replaced with the 3200 
IX Motion Picture Type and their beams were blended. The 2,000- 
watt Junior spotlamps were so used to impart a warm tone to the 
black mineral. 





Fig. 3. Shooting a scene of a cutting machine at the “face’’ of operations. 
Photo shows nearly the full width of a typical room in a coal mine where the heat 
of the lamps dried the surfaces, causing slabs of coal to drop all about, and where 
the dust obliterated every scene, often necessitating leaving the rooms until the 
atmosphere cooled and cleared (Photo by Beryl Hawkins). 


The major difficulty in a coal mine is that of balancing the flesh 
tones with the dark surroundings. When the coal surfaces appeared 
without the beneficial, reflective layer of rock dust, 1,600 ft-c were re- 
quired on the coal surface to accomplish this balance. Moreover, the 
surface was deliberately marred to create a texture of minute colorful 
reflections. 








208 M. CHarves LINKOo 


The timber supports used in the coal mines add to the lighting dif- 
ficulties because they, too, are light in color, although they served well 
to conceal many lighting units. 

Another difficulty was that of keeping the participants within pre- 
determined boundaries. The miners would inadvertently walk into a 
“hot” beam of light intended for the illumination of a mound of coal. 
The problems experienced in other mines were amplified here because 
of the absence of bright surfaces from which to reflect the light rays. 
More dust prevails in a coal mine. In addition, all mine surfaces, 
save the floor, are covered with rock dust and this fine abrasive is in 
constant circulation. The intense heat of the lamps sometimes dried 
the roof, causing slabs to drop all about. This was more frequent in a 
low mine where the roof was a mere forty inches above the floor. At 
such a time it was necessary to leave the area to allow the surfaces to 
cool. Moving about on one’s haunches for a number of hours added 
physical pain to the other difficulties. 

The long scale gradation of Kodachrome Commercial Film was un- 
doubtedly most appreciated upon viewing the footage made in the 
coal mines. The full brightness range was covered with magnificent 
detail in both extremes. There is a mild coolness about this footage 
much of which was photographed at 3240 K. Black dust particles in 
the air and indeed the cold nature of the surroundings were contribut- 
ing factors. Backlighting on a stream of coal imparted a rust-red hue 
to the mineral, otherwise it photographed as a true black with vari- 
colored catch lights. 

CONCLUSION 

Obviously the major problem in mine cinematography is the some- 
what indefinite power availability. Except in some naturally venti- 
lated mines, generators, driven by internal combustion engines are 
prohibited. A voltage stabilizer would have been an asset, for very 
little photography may be done at night when the power is in lesser de- 
mand. Nevertheless, cinematography in the mines is fascinating for 
there is much color there. True, it does present seemingly insur- 
mountable obstacles, but, when these are overcome, one has the satis- 
faction of having won over tremendous odds. 


REFERENCES 


(1) R. G, Linderman, C. W. Handley, and A. Rodgers, “Illumination in motion 
picture production,”’ Jour. SM PE, vol. 40, p. 333; June, 1943. 

(2) Eastman Kodak Company pamphlet, Kodachrome Commercial Film Type 
5268. 
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Television Vest Film 


WwW THE EXPANSION of commercial television operation at the 
close of the war there arose a need for detailed information on 
the production and use of films in television broadcasting. The 
Television Committee undertook to meet this need by approaching 
the problem from two directions. 

First, they compiled information on what was believed to be good 
practice in the production of television films; and second, they 
provided the television broadcasters with a means of adjusting their 
film camera chains to best reproduce these films. 

The first step in this combined project was completed in February, 
1949, when the report ‘‘ Films in Television” was published and dis- 
tributed throughout both the television and motion picture indus- 
tries. 

The second phase of the work was completed in September, 1949, 
when a subcommittee under the chairmanship of Dr. R. L. Garman 
approved the television test film for release. Every effort was made 
by the subcommittee to incorporate in this film, which is now availa- 
ble to broadcast stations and equipment designers, the ideas and 
suggestions advanced by the television industry. 

It is hoped that the adoption of the limits and procedures defined 
will aid the television broadcasters in raising the general quality 
level of film program transmission. 


PURPOSE 

The test film is designed to indicate the condition of operation of 
those portions of the television film reproduction system which de- 
pend upon the relation between the film projector and the television 
system. 

Use of the test film on a routine operational basis is recommended 
since it will indicate errors of adjustment and equipment malfunc- 
tion before they might otherwise be detected. 

To facilitate making extended service adjustments, or to provide 
a suitable subject for the initial setup and adjustment of a film 
channel, there are available separate lengths of the alignment, low 
frequency, storage, and transfer characteristic sections. These 
sections may be cut into appropriate lengths, made into loops, and 
run continuously as the need arises. 
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The film is not intended to be a laboratory instrument, although 

it may be useful in product design and test. 
CONTENTS 

Seven test sections and a selection of scenes comprise the complete 
film which is available in either 16- or 35-mm widths. The test sec- 
tion is a series of geometrical patterns intended to present informa- 
tion on the factors most likely to be degraded in television film re- 
production. Each chart selects some particular failing of the aver- 
age system and produces a signal intended to exaggerate and thus 
clearly define any deviation from normal operation. Perfect re- 
production of all the charts is to be desired, but some degradation 
of each is to be expected. Experience will show the magnitude of 
these effects which may be considered normal for any particular 
system. 

Scenes representative of many types of pictures encountered in 
television films are included in the reel as a final qualitative test of 
over-all results. 


Sec. 1. Alignment (See Fig. 1) 


This pattern defines the portion of the projected film frame which 
is to be reproduced by the television system and permits accurate 
alignment of the motion picture projector with the television 
‘amera. Eight arrow points have been positioned to touch the 
edges of the picture area to be scanned. This area is smaller than 
that of the whole frame. One and a half per cent of the projected 
aperture is cut at top and bottom of the frame to allow for small drifts 
in scanning and centering. The horizontal dimension is chosen to 
provide a standard four-to-three aspect ratio with the established 
height. All of the frame area beyond these limits has been striped 
with a “barber-pole” effect. This striping must not appear in the 
television picture. 

It should be noted that the striped area is wider on the sides of 
the frame than on the top and bottom. This results from the fact 
that the standard projection aperture does not have a four-to-three 
ratio but is wider by some 3%. See the American Standards for 
Picture Projection Apertures, Z22.58-1947 and Z22.8-1950. 

Each vertical arrow head is 4% of the picture height and each 
horizontal arrow head is 4% of the picture width. Similarly, the 
arrow shanks are 6% of the picture height and width respectively. 
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These dimensions permit rough estimates of the magnitude of scan- 
ning irregularities or misalignment through visual comparison of the 
effects in question with the size of the arrows. Specific values for 
misalignment obtained in this manner can be logged easily for future 
reference as part of a quality control program. 

A rectangle formed by the lines connecting the arrow shanks 
encloses 80% of the active picture area. Investigation indicates 
that this area is reasonably well reproduced on most home receivers, 
even in the presence of scanning drift, inaccurate adjustment, and 
abnormal masking. No standard is implied but a general memory 
of this area may be useful in the preparation of film carrying impor- 
tant information. 


Sec. 2. Low-Frequency Response (See Fig. 2) 


This test is made in two parts, each consisting of a half-black—half- 
white frame, with the dividing line horizontal. The first section has 
the black portion at the top of the frame and the second is black at 
the bottom. These charts produce 60-cycle square wave signals. 
When viewed on the wave-form monitor set for field rate deflection, 
the signals should appear reasonably square. Serious tilting or 
bowing indicates incorrect low-frequency phase and amplitude re- 
sponse. When the system has been set for reproducing the first 
chart, the change to the second chart should not necessitate large 
shading changes. 

The chart which is black at the bottom also permits a check on the 
amount of flare encountered in Iconoscope operation. Rim lights 
and beam current should be reset if the flare is excessive. 


Sec. 3. Medium-Frequency Response (See Fig. 3) 


The response of the television system to medium-frequency sig- 
nals is of importance to picture quality. In this test, horizontal 
bars are used, first as black on white and then reversed. The bars 
have lengths equal in time of scanning beam travel to 2, 5, 124, 
and 32 microseconds. These correspond to half-wave pulses cover- 
ing an approximate fundamental frequency range from 15 to 250 
kilocycles. Correct medium-frequency phase and amplitude. re-. 
sponse will be indicated by leading and trailing edges of the bars 
having no long, false gray tones. If, following the trailing edge of 
a bar, a streak appears having a tone similar to that of the bar 
(white after white, black after black) then it is reasonable to assume 
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Figure 5 


Figure 6 
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that the amplitude of the frequency represented by that bar is too 
great, or that its relative phase is incorrect. If the opposite occurs, 
as a white streak after a black bar, the fundamental frequency is 
too low in amplitude, and its relative phase is in error. 

Sharp transient effects immediately following all bars are an indi- 
cation of excessive high-frequency response. This condition will 
usually be clearly indicated in the test for resolution later in the film. 

If very long streaking occurs in which the spurious signals are 
seen on the left side of the bars, as well as on the right, an investiga- 
tion of the low-frequency response of the system should be made. 
Under these conditions close examination of the previous charts 
should reveal errors of wave form. 

It is rarely possible to obtain perfect streaking-free reproductions 
of both the black-on-white and the white-on-black charts with one 
setting of the controls. This may be due, with Iconoscope opera- 
tion, to the effects of wall sensitivity. A change in bias-light is 
usually required to compensate the charts exactly since the two 
charts do not have the same average transmission. The settings 
which produce very small streaking equally on both charts are usu- 
ally preferred. 


Sec. 4. Storage (See Fig. 4) 

Film pickup systems which utilize short pulses of light must store 
the charge produced by the pulse long enough to permit the charge 
image to be scanned. Since the beam starts the scanning process at 
the top of the picture, the storage time required is maximum at the 
bottom of the picture. Some pickup tubes will suffer from leakage 
to the extent that the charge image may be seriously reduced in 
amplitude by the time the beam reaches the bottom of the picture. 

The chart which checks this characteristic is made up of vertical 
black and white stripes on a gray background. When viewed on 
the wave-form monitor (set at field rate) this pattern will produce 
three lines representing white, gray, and black. Shading should be 
set to hold the gray line parallel with the blanking axis. If the 
white and black lines then tend to converge, the pickup tube does 
not have perfect storage. Perfect results are indicated when all 
traces are parallel. If the black-to-white amplitude at the bottom 
of the picture is divided by that at the top of the picture, the tube’s 
storage factor is obtained. This is usually expressed in percentage. 
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Sec. 5. Transfer Characteristics (See Fig. 5) 

The ability of a television system to reproduce shades of gray is 
indicated in this section through the use of step-density areas. The 
first chart consists of a white area and a black area that serve as 
limit references, along with a centrally placed window in which the 
density steps appear. 

The neutral gray background of this chart should be shaded flat 
and contrast and brightness settings adjusted to give normal wave- 
form monitor amplitudes from the reference areas mentioned. The 
wave-form monitor should be set for line frequency. Once adjusted, 
all settings should remain untouched during the remainder of the 
period. In the center window, a total of seven density tabs will 
appear labeled A through G. These will be seen in groups of three, 
as ABC, BCD, CDE, etc. This permits all steps to be read on the 
same portion of the mosaic and independently of shading and black 
spot. Each step should be visually compared with the adjacent 
steps, both in the picture and on the wave-form monitor, and each 
should be clearly defined. Saturation effects will be seen as a 
cramping together of adjacent steps. Experience as to the appear- 
ance of the tabs will establish a norm from which variations can be 
noted. 

The final chart in this section consists of two step density tablets 
showing all seven steps together. The direction of progression of 
the second tablet is opposite to the first. These permit rapid over- 
all check. 

The effective transfer characteristic of a film pickup system is a 
function of both film density and projected illumination. This test 
film has a range considered to represent that normally encountered 
in practice. If significant compression occurs, projector brightness 
should be checked. Other factors, including beam current, bias- 
light, and clipper adjustments should be tested with a stationary 
slide. 


Sec. 6. Automatic Brightness Control (See Fig. 6) 


This test indicates the ability of the television system to follow 
changes in average illumination of a series of scenes. It consists of 
a white disk centered in a black frame which enlarges slowly to fill 
the whole frame. As the white portion becomes larger, the bright- 
ness control should hold the black level constant. On the wave- 
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form monitor, the black signals should remain fixed in position rela- 
tive to the blanking level. The first brightness changes on the film 
are both slow and even, so that systems with slow-acting control 
should be able to follow them accurately. 

The second portion of the tests consists of sudden changes in 
white disk size from the smallest to one-third frame area and then 
to two thirds of the frame area. Experience will show how much 
error in black level setting results in these cases on a transient basis. 


Sec. 7. Resolution (See Fig. 7) 


Each of the five charts in this section is carefully calibrated to 
indicate the over-all system response at the number of lines printed 
in its center. Starting at 200 lines, the charts change at five-second 
intervals until the 600-line pattern appears. Each chart permits 
reading the response at six points within the frame. Care should 
be taken to note the response at the edges, as well as the center, of the 
picture. 

Under abnormal conditions of “lateral leakage,’’ resolution of a 
stored-charge picture degrades with time. This condition can be 
evaluated by noting the relative top and bottom resolution. If 
there is significant difference between the two, the system should 
be checked with a continuously illuminated slide. If the slide test 
shows the same resolution at both top and bottom and the film test 
does not, the pickup tube may be at fault. 

The above presupposes that the projector has been properly tested 
for its inherent resolution with the visual test films available for that 
purpose. 


’ 


Sec. 8. Typical Scenes (See Fig. 8) 


To provide a qualitative check on the over-all results to be ex- 
pected from good film, several scenes taken from material used 
specifically for television are included in the test reel. Utilization 
of this section will depend upon the operator’s experience in judging 
acceptability and upon his memory of “how they looked before.”’ 














Recommendations for 


16-Mm and 8-Mm Sprocket Design 


Two major points affecting film life in 16-mm and 8-mm projectors are the shape of the film 
path entering and leaving the sprocket and the shape of the sprocket tooth. The following recom- 
mendations, approved by the Society, have been developed to assist the design engineer in specify- 
ing these, as well as other dimensions for particular applications. 


INTRODUCTION 


T A MEETING held on December 16, 1948, 
A the Committee on Standards approved 
a recommendation made by its subcommittee 
on sprockets to rescind the existing standards 
on 16-mm and 8-mm sprockets because they 
were not flexible enough to take care of such 
variables as the shape of the path of the film 
as it enters and leaves the sprocket, and the 
shape of tooth required for sprockets of differ- 
ent diameters. These standards were 
Z22.6-1941 and Z22.18-1941, respectively. 
Sectional Committee Z22 of the American 
Standards Association has affirmed this action. 

There will be no American Standards to 
replace these two standards for some time. 
However, the Committee on Standards has 
concluded that the valuable information in 
the Chandler, Lyman, and Martin paper! 
will lead to sprocket designs giving superior 
performance. This material provides, for any 
application, a flexible means of designing 
sprockets that will transfer the load of the 
film smoothly from one tooth to the next, 
thereby materially lengthening the life of the 
film and decreasing flutter. 

There are several reasons why this informa- 
tion is not ready for approval as an American 
Standard. These include: 

(1) The committee has emphasized that two 
of the dimensions, K and B, which determine 
the final shape of the tooth, depend on the 
outcome of extensive tests to show which 
shape results in the longest film life. 

(2) Some manufacturers are reluctant to 
abandon the shape given in previous standards 


1J. 8. Chandler, D. F. Lyman, and L. R. Martin, Propo- 
sals for 16-mm and 8-mm sprocket standards. our. 
SMPE, vol. 48, pp. 483-520; June, 1947. 


APPROVED: 


or by their own designers because they have 
found it to be successful for the particular 
sizes of sprocket they are using. 

(3) There has been disagreement among the 
members of the committee about whether 
standards should be written merely to insure 
interchangeability of parts or whether they 
should be based on affording optimum per- 
formance. These particular proposals are 
definitely in the latter class. 

Some of the preceding viewpoints were ex- 
pressed clearly by E. W. Kellogg.” 

In view of the foregoing, the Committee 
has authorized the following abridgement of 
the Chandler, Lyman, and Martin paper, 
with additional data on 8-mm sprockets, 
printed in a form suitable for inclusion in the 
SMPTEStandards binder and entitled “Rec- 
ommendations for 16-mm and 8-mm Sprocket 
Design.” The purpose is to give the informa- 
tion a more official status than that of a paper 
in the JOURNAL. 


RECOMMENDATIONS 


In October, 1945, Committee Z22 of the 
American Standards Association referred back 
to the Committee on Standards of the Society 
of Motion Picture Engineers, Standards 
Z22.6-1941 and Z22.18-1941 covering 16-mm 
and 8-mm film sprockets, respectively. They 
were returned with the suggestion that the 
substitution of formulas for the specific dimen- 
sions given in the original standards would 
afford the designer a more flexible means of 
meeting the requirements of each particular 
application. The Chairman of the Commit- 
tee on Standards appointed a subcomunittee to 


2E. W. Kellogg, Discussion by letter. Jour. SMPE, 


vol. 51, pp. 437-440; October, 1948. 


For a year's trial and criticism by the SMPTE Standards Committee, February 1, 1950. 
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222 RECOMMENDATIONS 


prepare new standards.* It was for that sub- 
committee that these recommendations were 
outlined. 

Figures 1 and 2 are the recommendations 
for 16-mm and 8-mm sprockets, respectively. 
Provision has been made for camera, printer, 
and projector sprockets having any practi- 
cable number of teeth. Particular attention 
has been given to the shape of the film path 
and to the lateral profile of the sprocket itself 
and also to the lateral profiles of guides, rollers, 
and film gates. 

For simplicity of illustration, the film is often 
shown entering and leaving the sprocket in 
straight lines tangent to the root diameter, 
but by far the more usual path is a curve, 
either away from the sprocket or toward the 
sprocket. A minimum of 4 inch is 
proposed for R,, the radius of the path that 
curves away from the sprocket. The pro- 
posed value of 0.7D for R:, the minimum 
radius when the film is curved toward the 
sprocket, is derived analytically. 

Accommodation for changes in film caused 
by shrinkage is the principal factor in the de- 
sign of sprockets. There are two reasons why 
this accommodation is necessary: (1) the 
film must not be damaged prematurely by the 
sprocket (this is important for projection 
equipment in which the same film may be 
run many times), and (2) on sound and print- 
ing sprockets, the film must run at a relatively 
constant velocity in order to ensure freedom 
from flutter. Fortunately, it is possible to 
design for good results in both respects. 

Three aspects of sprocket design for which 
the potential shrinkage of the film must be 
taken into account are: (1) the circular pitch 
of the teeth, (2) the shape and thickness of the 
teeth, and (3) the lateral profile of the 
sprocket. 


Circular Pitch of the Teeth 


The circular pitch of the sprocket teeth can 
be made longer or shorter than the pitch of 
the film. Only in rare cases will the pitches 
be equal. The choice depends largely upon 


* O. Sandvik (Chairman), H. Barnett, J. A. Maurer, L. T. 
Sachtleben, and M. G. Townsley. 
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the type of service expected from the sprocket. 
Types of Sprockets. In motion picture equip- 
ment there are two basic types of sprockets. 
With the first type, the film is urged forward 
against backward tension, and the sprocket 
is a drive sprocket. The second type is the 
take-up or holdback sprocket. Here both the 
motion and the tension are forward; hence the 
film is held back by the sprocket. 

The important rules for drive and hold- 
back sprockets are: 

(1) A properly designed drive sprocket should 
have a circular pitch equal to or greater than the 
pitch of the film. 

(2) A properly designed holdback sprocket 
should have a circular pitch equal to or less than 
the pitch of the film. 

These rules, upon which the formulas of the 
recommendations are based, are so chosen 
that all slippage between the film and the 
sprocket is in the same direction as the tension 
on the film. Thus any friction between the 
film and the base of the sprocket serves to 
assist in the functioning of the sprocket rather 
than to increase the load between the film 
and the teeth. Also according to the rules, 
the leaving tooth is the one that does the work 
of driving the film or holding it back. There 
is, therefore, clearance between the entering 
tooth and its mating perforation, as long as 
the thickness of the teeth is such as to avoid 
interference. 

In addition, there is the combination 
sprocket, which is often used in reversible 
apparatus where the function of the sprocket 
changes as the direction of motion changes. 
Also, in many cameras and in some projec- 
tors, one section of a single sprocket serves 
as a drive sprocket and another section as a 
holdback sprocket. Moreover, the function 
of a sprocket may change owing to the vary- 
ing tension exerted by the take-up, or for 
other reasons. Combination sprockets are 
not recommended for precision apparatus 
such as printers or other professional equip- 
ment. 

The optimum pitch for a combination 
sprocket is a compromise, at best. If a prop- 
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erly designed drive sprocket is used as a 
combination sprocket, all film operating under 
holdback conditions is forced against the 
direction of external tension by each tooth as 
it enters the perforation. The same is trueofa 
holdback sprocket operating under drive 
conditions. Experience has shown that un- 
less special attention is given to guiding the 
film as it engages the sprocket, a drive sprocket 
makes a poorer combination sprocket than 
does a holdback sprocket. Therefore, the 
combination sprocket was designed to favor 
its action when it is driving film; its pitch 
matches that of film having a shrinkage equal 
to the minimum shrinkage plus one-third 
(instead of plus one-half) the shrinkage range 
for which accommodation is being made. 


Shape and Thickness of Sprocket Teeth 


Importance of Shape of Tooth. In all cases ex- 
cept that of perfect mesh there must be some 
sliding of the edge of the perforation up or 
down the face of the tooth. The shape of the 
tooth is important not only from the stand- 
point of wear of the film at the point of con- 
tact, but also as it relates to the sliding of the 
film along the root circle of the sprocket and 
to the manner of transfer of the load from one 
tooth to the next. In the worst case, all the 
shrinkage differential is absorbed by a sudden 
jump of the film as it leaves the tip of one tooth 
and comes into contact with the next tooth. 


APPENDIX TO FIG. 7 


These recommendations for film sprocket de- 
sign have been developed to give the design 
engineer an opportunity to specify sprocket di- 
mensions for particular applications and condi- 
tions. They consist of a number of simple 
formulas for the computation of tooth thickness, 
tooth shape, and circular pitch based upon the 
range of film shrinkage to be accommodated 
and the amount of contact between film and 
sprocket. The root diameter on which the 


film will run is computed from the circular 
pitch and the number of teeth on one end of the 
sprocket. 

In cases where the film pitch does not match 
the sprocket pitch, the formulas for the sprocket 
pitch are such that the slippage of the film will 
be in the direction of external tension on the 
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film, backward on feed or drive sprockets, and 
forward on holdback sprockets. 

The optimum pitch of the combination 
sprocket has been established to specify a 
sprocket that meshes perfectly with film having 
a shrinkage of the minimum shrinkage plus one 
third of the shrinkage range. Film of less 
shrinkage is forced against the direction of the 
external tension when this sprocket is operating 
as a drive sprocket. Film of greater shrinkage 
is forced against the direction of external tension 
when this sprocket is operating as a holdback 
sprocket. Combination sprockets should be 
avoided wherever possible. 

It will be noted that formulas for the maxi- 
mum permissible tooth thickness involve the use 
of fractions of a film pitch length. (See defini- 
tions for H and F.) This provides clearance for 
the teeth in partial engagement with the film. 

The shape determined by dimensions K and 
B provides clearance at the tip of the leaving 
tooth for paths between R; and R2. For sound 
and printing sprockets optimum conditions of 
flutter are obtained when the film path curves 
toward the sprocket and approaches the limit 
defined by R:. A more precise formula for R; 
for sound and printing sprockets is 1/R; = 
19/N — 26/N? — 0.060. The sprocket in this 
case should be designed and used as a drive 
sprocket. If it is necessary to use a sound 
sprocket as a holdback sprocket, it should be 
designed as a drive sprocket, and film guides 
must be provided to force the film onto the teeth. 

The dimensions shown in the lateral profile 
views provide clearance for film with lateral 
shrinkage from 0 to 1.0 per cent for cameras 
and from 0 to 1.8 per cent for projectors. Film 
of greater shrinkage can be used on these 
sprockets, but either the film will pull away 
from the guide or the fillet of the perforation 
will engage with the tooth. These lateral dimen- 
sions are applicable also to film gates, guides, 
and pull-down claws. 

The choice by the engineer of the range of 
film shrinkage to be accommodated must de- 
pend upon the experience of the manufacturer 
and the type of equipment being designed. 
Based on current. film conditions, suggested 
ranges would be from 0 to 1 per cent shrinkage 
for equipment using unexposed film and from 
0 to 1.5 per cent shrinkage for equipment using 
processed film. 

In most cases, particularly when tensions 
greater than 2 oz must be overcome, it is de- 
sirable to make H at least two film pitch lengths. 
An exception to this occurs when the film is 
positively guided through a path curving toward 
the sprocket. In this case, if the value of F is 
high—at least 4—the value of H may be zero. 
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It will be obvious from a study of the nature 
of the action of the tooth that the drive 
sprocket is the most critical with respect to 
the shape of the tooth. 


Epicycloid Curve. The most logical starting 
place for the analysis of the shape of the tooth 
is the curve generated by a point on the film 
relative to the sprocket when the film moves 
along its path without slipping on the root 
circle of the sprocket. Since we have as- 
sumed that the path is an arc of a circle, the 
curve so generated is an epicycloid. In the 
case of a straight path, the resulting curve is 
an involute and can be treated as a special 
case of the epicycloid in which the generating 
circle has an infinite radius. The generated 
curve is an epicycloid whether the generating 
circle curves away from the sprocket or curves 
toward the sprocket and actually encloses it. 
(Equations to aid in plotting the epicycloid 
are given in the complete paper.) 

Since the epicycloid is generated by a 
circle rolling on the root circle, it is the locus, 
relative to the sprocket, of a point on the film, 
such as the edge of a perforation, provided 
there is no slippage between the film and the 
sprocket. The epicyeloid curve is a valuable 
reference from which the desired shape of the 
tooth can be deduced by proper allowance for 
the amount of film shrinkage to be accom- 
modated. 

It is obvious that the reference epicycloid 
to consider is the one that corresponds to the 
most limiting condition, namely, the film 
path that curves away from the sprocket 
along the arc with the minimum radius. 


Allowance for Shrinkage at Tip of Tooth. Figure 
3 shows on a large scale the film and one tooth 
of a 12-tooth sprocket for 16-mm film. If the 
tooth is moving to the left and the film ten- 
sion is to the right, we have a drive sprocket. 
The circular pitch of the sprocket is greater 
than the pitch of the film. 

If the shape of the tooth is such as to guide 
the film along the epicycloid (Fig. 3, curve 1) 
the film will not slip on the sprocket until 
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after it leaves the tip of the tooth, whereupon 
it will jump to the right and will stop suddenly 
when the next perforation engages the next 
tooth to the right. A tooth shape falling to 
the right of the epicycloid will let the film slip 
gradually and thus accommodate part of, or 
all, the shrinkage differential before the film 
reaches the tip of the tooth. The optimum 
condition is reached when the tooth just 
allows accommodation of the maximum 
shrinkage differential when the film is ready to 
leave the tip of the tooth. _ If the film is shrunk 
less, there will be full accommodation earlier 
and the film will leave the tooth before it 
reaches the top. 
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Fig. 3. Tooth Shape for 12-Tooth, 16- 
mm Sprocket. 


The shrinkage differential with which we 
are concerned is that for one pitch length of 
film. For example, if the shrinkage range is 
from 0 to 1.5 per cent, the circular pitch of the 
sprocket is chosen to match unshrunk film 
(0.300 in.) and the maximum pitch differen- 
tial is 1.5 per cent of 0.300 in., or 0.0045 in. 
The proposed tolerances for the pitch of the 
drive sprocket are plus 0.0003 in., minus 
0.0000. Therefore, an additional allowance 
of approximately 0.0003 in. is made in estab- 
lishing the location of the tip of the tooth. 
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Figure 3 shows two film positions, one in 
solid lines for a shrinkage of 1.5 per cent and 
one shown by broken lines for a shrinkage of 1 
per cent. 
perforation is 0.026 in. above the root circle, 
and the film is just ready to leave the tooth. 


In each case the lower edge of the 


Specification of Shape of Tooth. 
points on the profile of the tooth have been 
located, one at the maximum working height 
of 0.026 in. and the other at the intersection 
with the root circle. Obviously, the manner 
in which the film is allowed to slip to take care 
of the shrinkage differential is controlled by 
the shape of the tooth between these two 
points. However, the relationship between 
the way the film slips and the running life of 
the film is not directly evident. The ultimate 
solution lies in exhaustive wear tests, with due 
consideration to all the other factors involved. 
A convenient method of specifying the shape 
of the tooth is to state the radius A of a cir- 
cular arc and the distance B from the root 
circle to the center of the arc. (When B is 
positive, the center is inside the root circle.) 
This method is justified not only for its con- 
venience but for practical considerations of 
manufacture. That the circular arc is ade- 
quate can be seen in Fig. 3 from the close 
agreement of the circular arc with the epicy- 
cloid. One logical procedure for defining 
the shape of the tooth has been completely 
worked out and is described here, followed by 
a brief discussion of an alternative procedure. 

The first method is based on the circular 
arc that best approximates the epicycloid. 
As the shrinkage differential increases, the 
radius K of the tooth (Fig. 1) remains constant, 
but B, the distance from the root circle to the 
center of the radius, is increased. This brings 
the upper end of the tooth to the proper ter- 
minal point and provides a uniform shrinkage 
adjustment as the film moves up the face of 
the tooth. 

It may be argued that the above procedure 
will result in a tooth that slants too much at 
its base for good driving action, particularly 
when the tension on the film is high. The 


So far, only two 
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alternative procedure for determining the 
shape of the tooth overcomes this objection. 
By this method, the value of B is made inde- 
pendent of the range of shrinkage and ap- 
proximates the value given by the above 
The 


value of A must then vary with the range of 


equation for zero range of shrinkage. 


shrinkage, from about the value given above 
to lower values as more shrinkage is accom- 
modated. The resulting tooth is very nearly 
tangent to the epicycloid at its base but never 
crosses to the left of the epicycloid. This gives 
the steepest permissible tooth at the base. 
Equations for this procedure have not been 
completely derived, but the shape for 1.5 per 
cent shrinkage on a 12-tooth, 16-mm sprocket 
is shown by a light line on Fig. 3. The run- 
ning life of the film should be considered the 
most important criterion for the final choice. 
From the standpoint of flutter, there appears 
to be an advantage in the first procedure. 

It is also possible to specify an involute 
(with a given pressure angle) for the shape of 
the tooth. This is not recommended because 
it results in a tooth which is even more slanting 
at its base than the tooth obtained by the first 
procedure. 


Thickness of the Tooth at the Base. For the 
properly designed drive or holdback sprocket, 
the action of the tooth takes place at the end 
of the film path, where the tooth is leaving. 
For the cases of maximum differential be- 
tween the pitch of the sprocket and that of the 
film, there may be interference at the entering 
tooth (at the outside face for drive sprockets 
and at the inside face for holdback sprockets) 
if proper attention is not given to the selection 
of the thickness of the tooth. 

As given in the recommendations, the equa- 
tions apply to the first procedure for deter- 
mining the shape. The formula for the thick- 
ness of the tooth includes the following reduc- 
tions from the full longitudinal dimension of 
the perforation: one for the shrinkage of the 
film in the arc of contact; a second for the 
teeth in partial engagement; a third for the 
pitch tolerance allowed for the sprocket; and 
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a fourth for positive clearance. If the tooth 
becomes too thin to provide the proper work- 
ing height or the desired total height, the arc 
of contact or the arc of partial engagement, or 
both, must be shortened. 


Other Considerations. One advantage of the 
equation form of the recommendations is its 
great flexibility. Suitable changes can readily 
be introduced to allow for the effects of stretch 
and distortion of the film. No attempt has 
been made in the present analysis to incor- 
porate these alterations. It is felt that more 
precise quantitative information is needed 
and that any such proposed changes should 
be backed by thorough testing before their 
presentation. On the basis of test observa- 
tions, for sprockets made according to the 
formulas of Fig. 1, it is recommended that the 
tension not exceed 4 oz for drive sprockets nor 
8 oz for holdback sprockets. 

The number of film pitch lengths in the arc 
of contact and in the arc of engagement has a 
bearing upon the operation of the sprocket, 
especially if appreciable amounts of distor- 
tion are present. For practical reasons the 
minimum recommended value of H has, 
therefore, been set at 2, except for the special 
conditions noted in the Appendix of Fig. 1. 


Lateral Profile 


Need of Specifying Lateral Profile. It is neces- 
sary to pay special attention to the lateral 
profile of sprockets in order to prevent the 
corners of the teeth from damaging the fillet 
of the perforation. Other zones to protect 
are the picture area and the sound-track area. 
The purpose, therefore, of specifying the lateral 
profile is to ensure that the tooth will be of the 
correct size and that it will be located properly 
in relation to the guide for the edge of the film. 
Moreover, it is necessary to locate the zones 
that are recessed or undercut below the root 
diameter so that the picture and sound-track 
areas will be protected. 


Edge to Be Guided. Several conditions must be 
established before the dimensions can be deter- 
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mined. The first of these is the choice of the 
edge of the film to be guided. Figure 1 is 
based on a fixed guide at the sound-track 
edge of the film. This results in rails of ade- 
quate width at that edge, but it is necessary 
to restrict the lateral width of the tooth some- 
what because the tooth is so far from the fixed 
guide. On the other hand, if the fixed guide 
were placed at the perforated edge of the film, 
the lateral width of the tooth could be made 
greater, but the rails would be extremely 
narrow, if they could be provided at all. 
Channel guiding is subject to the disadvan- 
tages of both systems in that the tooth must be 
narrow and it is almost impossible to specify 
guiding rails that will not scratch the sound 
track. Detailed tables for the three methods 
of guiding, and for sprockets with two rows of 
teeth, are given in the complete paper. 


CONCLUSION 


The principal advantages of these recom- 
mendations are their adaptability and their 
flexibility. They are adaptable to any 
application regardless of the size and the func- 
tion of the sprocket and also of the path and 
the shrinkage of the film. They are flexible 
because they are presented in such form that 
if changes are made in the physical properties 
of film or if research discovers new conditions 
of improved operation, the formulas can be 
adjusted to keep the recommendations up to 
date. 


NOTE: C.F. Vilbrandt supervised actual 
running tests with different types of sprockets 
and reported his preliminary findings.* His 
report is of interest for two reasons: (1) it 
describes the action of the various sprockets 
with films of different pitches; and (2) it 
indicates a method of testing that correlates 
the life of the film with the differential pitch, 
and with the tension to which the film is sub- 
jected. Further testing of this kind should 
indicate the tooth shape that will provide the 
longest film life. 


*C. F, Vilbrandt, The projection life of 16-mm film. our. 
SMPE, vol. 48, pp. 521-542; June, 1947. 





Proposed American Standard 
16-Mm Projection Reels 


i yee PROPOSED STANDARD which appears on the following pages was 
prepared by the 16- and 8-Mm Motion Pictures Committee, un- 
der the Chairmanship of Mr. Henry Hood. Completely new in 
appearance, it replaces the previous American Standard for 16-Mm 
Projections Reels Z22.11-1941 and is being published here in the form 
of a proposal for ninety days trial and criticism. Engineers or equip- 
ment designers are invited to send their comments on the proposal to 
William H. Deacy, Jr., Staff Engineer at Society Headquarters, and 
are asked to do so before June 1, 1950. 

The original 16-Mm Reel Standard, Z22.11, was found to be inade- 
quate during the war and at that time an American War Standard, 
Z52.33-1945, was developed to provide the armed services with a 
more detailed set of specifications. At the end of the war, a subcom- 
mittee, under the chairmanship of Mr. D. F. Lyman, examined both 
the prewar and the wartime standards, with a view toward combining 
the best parts of each in a form that would be most useful to equip- 
ment designers and manufacturers. The project was subsequently 
transferred to the 16- and 8-Mm Motion Pictures Committee and this 
proposal is the formal recommendation of that Committee. 

In developing this proposed standard, the Committee found that 
some of the dimensions and tolerances of the wartime standard were 
so rigid as to be commercially impractical and that it was necessary 
to take a more realistic point of view, since reels had to be manufac- 
tured in quantity and sold at a reasonable price. These considera- 
tions account in particular for the wide tolerances shown on the out- 
side and core diameters. As indicated in the note following Table 2, 
the Committee has expressed a hope that reel manufacturers will 
adopt the dimensions recommended whenever they find it necessary 
to manufacture new production tools. 

The only question not completely resolved in the many committee 
meetings required to develop this new proposal had to do with the 
shape of the spindle hole. One group favored the use of square holes 
in both flanges while another group recommended one square and one 
round hole. Consideration was also given to the possible alternative 
of using a keyway as defined by Dimensions U and V, that could be 
added to the round hole. The Committee feels that comments on 
this particular point would be very helpful. 
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AT CORE 
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rt 








[> S—*+ AT PERIPHERY 


TABLE 1 


how < AT PERIPHERY 


+ AT SPINOLE 
HOLES 


Oi 
24 


ENLARGED VIEW OF HOLE IN 
FLANGE ON LEFT IN SECTIONAL 
VIEW SHOWN ABOVE 


ENLARGED VIEW OF HOLE IN 
FLANGE ON RIGHT IN SECTIONAL 
VIEW SHOWN ABOVE 





Dimension 


Inches 


Millimeters 





W, at periphery ' 


at core * 


at spindle holes 


T (exclusive of 
embossing) 

S at periphery * 
(including flared, 
rolled, or beveled 
edges) 


U 
Vv 


Flange and core 
concentricity ‘ 


+0.000 


0.319 0.003 


+0.000 
0.319 0.003 


+0.045 
0.660 _ 9 025 


0.660 +0.010 
0.660 +0.015 


0.027 minimum 
0.066 maximum 


0.962 


0.312 +0.016 


+0.005 


0.125 hoe 


£0.031 


+0.00 
8.10 _o og 


+0.00 
8.10 _ 508 


+1.14 
—0.64 


16.76 +0.25 
16.76 +0.38 


16.76 


0.69 minimum 
1.68 maximum 


24.43 maximum 


7.92 +0.41 


+0.13 


3.18 0.00 


+0.79 





See Notes on p. 3. 
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Capacity 


Dimension 


200 Feet ° 
(61 Meters) 


D, nominal 
maximum 


minimum 


C, nominal 
maximum 


minimum 


Lateral run- 
out,” maximum 


400 Feet’ D, 
(122 Meters) 


nominal 
maximum 


minimum 


nominal 
maximum 


minimum 


Lateral run- 
out,® maximum 


800 Feet 
(244 Meters) 


D, nominal 
maximum 


minimum 


C, nominal 
maximum 
minimum 


Lateral run- 
out,® maximum 


TABLE 2 


Inches Millimeters 


5.000 
5.031 
5.000 


127.00 
127.79 
127.00 


1.750 
2.000* 
1.750 


44.45 
50.80* 
44.45 


0.570 1.45 


10.500 
10.531 
10.500 


266.70 
267.49 
266.70 


4.875 123.83 
4.875 123.83 
4.500* 114.30* 


0.120 3.05 





Capacity Dimension 


1200 Feet 
(366 Meters) 


D, nominal 
maximum 


minimum 


C, nominal 
maximum 


minimum 


Lateral run- 
out,” maximum 


D, nominal 


1600 Feet 
(488 Meters) maximum 


minimum 


C, nominal 
maximum 


minimum 


Lateral run- 


out,® maximum 


2000 Feet OD, nominal 


(610 Meters) maximum 


minimum 


nominal 
maximum 
minimum 


Lateral run- 
out,® maximum 





NOT APPROVED 


Inches 


12.250 
12.250 
12.125* 


4.875 
4.875 
4.625* 


0.140 


Millimeters 


311.15 
311.15 
307.98* 


123.83 
123.83 
117.48°* 


3.56 


349.25 
355.60* 
349.25 


123.83 
123.83 
117.48* 


4.06 
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NOTES 

* When new reels are designed, or when new tools 
are made for present reels, the cores and flanges 
should be made to conform, as closely as practicable, 
to the nominal values in the above table. It is hoped 
that in some future revision of this standard the as- 
terisked values may be omitted. 

1 Except at embossings, rolled edges, and rounded 
corners, the limits shown here shall not be exceeded 
at the periphery of the flanges, nor at any other dis- 
tance from the center of the reel. 

= If spring fingers are used to engage the edges 
of the film, dimension W shall be measured between 
the fingers when they are pressed outward to the 
limit of their operating range. 

‘Rivets or other fastening members shall not ex- 
tend beyond the surfaces of the flanges more than 
1/32 inch (0.79 millimeters). 

4 This concentricity is with respect to the center line 
of the hole for the spindles. 

5 This reel should not be used as a take-up reel on 
@ sound projector unless there is special provision to 
keep the take-up tension within the desirable range 
of 1% to 5 ounces. 

® Lateral runout is the maximum excursion of any 
point on the flange from the intended plane of rota- 
tion of that point when the reel is rotated on an accu- 
rate, tightly fitted shaft. 


APPENDIX 

Dimensions A and B were chosen to give 
sufficient clearance between the reels and the 
largest spindles normally used on 16-milli- 
meter projectors. While some users prefer a 
square hole in both flanges for laboratory 
work, it is recommended that such reels be ob- 
tained on special order. If both flanges have 
square holes, and if the respective sides of the 
squares are parallel, the reel will not be suit- 
able for use on some spindles. This is true if 
the spindle has a shoulder against which the 
outer flange is stopped for lateral positioning 
of the reel. But the objection does not apply if 
the two squares are oriented so that their re- 
spective sides are at an angle. 

For regular projection, however, a reel with 
a round hole in one flange is generally pre- 
ferred. With it the projectionist can tell at a 
glance whether or not the film needs rewind- 
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ing. Furthermore, this type of reel helps the 
projectionist place the film correctly on the 
projector and thread it so that the picture is 
properly oriented with respect to rights and 
lefts. 

The nominal value for W was chosen to 
provide proper lateral clearance for the film, 
which has a maximum width of 0.630 inch. Yet 
the channel is narrow enough so that the film 
cannot wander laterally too much as it is 
coiled; if the channel is too wide, it is likely to 
cause loose winding and excessively large 
rolls. The tolerances for W vary. At the core 
they are least because it is possible to control 
the distance fairly easily in that zone. At the 
holes for the spindles they are somewhat 
larger to allow for slight buckling of the 
flanges between the core and the holes. At 
the periphery the tolerances are still greater 
because it is difficult to maintain the distance 
with such accuracy. 

Minimum and maximum values for T, the 
thickness of the flanges, were chosen to per- 
mit the use of various materials. 

The opening in the corner of the square 
hole, to which dimensions U and V apply, is 
provided for the spindles of 35-millimeter re- 
winds, which are used in some laboratories. 

D, the outside diameter of the flanges, was 
made as large as permitted by past practice 
in the design of projectors, containers for the 
reels, rewinds, and similar equipment. This 
was done so that the values of C could be 
made as great as possible. Then there is less 
variation, throughout the projection of a roll, 
in the tension to which the film is subjected by 
the take-up mechanism, especially if a con- 
stant-torque device is used. Thus it is necessary 
to keep the ratio of flange diameter to core 
diameter as small as possible, and also to 
eliminate as many small cores as possible. For 
the cores, rather widely separated limits (not 
intended to be manufacturing tolerances) are 
given in order to permit the use of current reels 
that are known to give satisfactory results. 
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A Restatement of Policy 





The Society of Motion Picture and Television Engineers is com- 
posed of technical representatives from all phases of the industries 
involved in the reproduction of scenes with motion, many of whom 
compete most vigorously with one another in the open markets. It is a 
matter of considerable pride to the Society that such vigorous and 
sometimes bitter competitors in commercial life find it profitable to 
meet together under the impartial auspices provided by the technical 
sessions and the committee activities of the Society. The impartial- 
ity of these meeting grounds must never be questioned if the Society 
is to enjoy the support of all its members, and if it is to grow in ac- 
cordance with its opportunities. 

It is the purpose of this restatement to emphasize a fundamental 
policy of Society operation, which is directed toward the maintenance 
of such an unquestioned impartiality. Briefly, this policy is simply 
that the Society shall refrain altogether from participation in the 
comparative testing of competitive goods. 

The obvious wisdom of such a procedure would scarcely seem to re- 
quire a formal statement such as this. However, opportunities for 
transgression continually arise, particularly in the conduct of the 
normal affairs of the Engineering Committees of the Society. The 
development of suitable test methods, and, in many cases, the estab- 
lishment of the manufacturing tolerances and performance levels 
which can be expected of good equipment are among the most im- 
portant duties of these Committees. To develop new methods and 
limits, the full co-operation of industry is relied upon, including the 
opportunity to make extended tests on commercial equipments, with 
mutual confidence that the results of these tests will not be made the 
basis for competitive publicity involving the Society. 

The Society, of course, encourages the use by industry of approved 
Society methods and tolerances in competitive commercial testing. 
Moreover, if a commercial interest wishes to publicize the fact that 
Society-approved methods were used to authenticate its claims, that, 
too, isencouraged. Authorization is never granted, however, for any 
implication of Society participation in, or validation of, the test re- 
sults themselves. 
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Board of Governors 





The first meeting of the Board of Governors in 1950 was held in 
New York, January 31, with Earl I. Sponable presiding. As is cus- 
tomary, the agenda was a heavy one and the meeting ran well into 
the late afternoon. The Board reviewed the Society’s accomplish- 
ments for the previous twelve months and studied the details of all 
business operations involved in turning out the JouRNAL and test 
films, of engineering and non-technical committee work, as well as 
administration of Society membership matters. The resulting 
year-end fiscal picture was analyzed in detail and together with 
recommendations of the Officers, Headquarters Staff, and many 
committees, was used as a basis for planning work to be undertaken 
in the coming year. 

William B. Lodge, whose term as a Governor expired in Decem- 
ber, was reappointed for an additional year to fill the second half 
of a two-year term vacated when Fred T. Bowditch was elected 
to the office of Engineering Vice-President. As Vice-President .in 
Charge of Engineering for Columbia Broadcasting System, Mr. 
Lodge brings the views and opinions of television engineers gener- 
ally to deliberations of the Board. 

Among the changes approved in the recent amendment to the 
Society’s Constitution was the creation of two additional Gover- 
norships, increasing the number of Board members to twenty-four. 
There will now be twelve elected Governors, four from the Eastern 
time zone, four from the Central Zone and four from the Mountain 
and Pacific zones. After some consideration the Board ruled that 
it would decide at the April meeting whether the two new offices 
should be filled temporarily by appointment, or by the 1950 election. 

Since the recently approved Constitutional Amendment is now 
in effect, the President’s Committee on Revision of the Constitution 
and Bylaws has turned its attention toward drafting a proposed 
Amendment to the Bylaws. Changes which the Committee was 
asked to consider were intended to bring both documents more 
nearly into agreement and it was hoped that certain complex word- 
ing, redundant phraseology, and some outright conflicts would be 
resolved. Prior to the meeting, the first formal draft of the Com- 
mittee’s proposal was reviewed by the Board members who have now 
approved referring it to the voting membership for their considera- 
tion. This will involve publication in the March JourNat and dis- 
cussion followed by a formal vote during the 67th Convention. 
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67th Semiannual *Convention 





On April 24, the 67th consecutive semiannual convention of the 
Society will get underway at the Drake Hotel in Chicago. Bill 
Kunzmann, Convention Vice-President, George W. Colburn, Cen- 
tral Section Chairman, and R. T. Van Niman, Chicago Vice-Chair- 
man of the Papers Committee, report that advance arrangements 
are shaping up nicely and they plan to provide for both a full pro- 
gram and large attendance. 

The five-day convention is now scheduled to include ten techni- 
cal sessions, with papers on a variety of subjects ranging from pro- 
jection arc lamps to production techniques for television studios. 
Members and their guests will start the ball rolling at 12:30, 
Monday, April 24, with a ‘Get-Together’ luncheon in the Gold 
Coast Room of the Drake Hotel. On Wednesday, Bill Kunzmann 
will, as usual, call time out from the official business of this, his 67th 
convention, for a midweek evening of fun and frolic. The 67th 
Banquet and Dance will follow a one-hour Cocktail Party, sched- 
uled for 6:45 p.m. in the hotel’s French Room. 

Mrs. George W. Colburn, Convention Hostess, invites members 
to take their wives to Chicago and promises them a worth-while 
week because her committee is arranging a Ladies’ Program that 
will be both interesting and entertaining. 

Bill Kunzmann announces appointment of the following Con- 
vention Committee Chairmen: 

Central Section and Local Arrangements, G. W. Colburn 
Papers Committee 

Chairman, N. L. Simmons, Jr. Vice-Chmn., Montreal, H. S. Walker 

Vice-Chmn., Chicago, R.T. Van Niman Vice-Chmn., New York, E. S. Seeley 

Vice-Chmn., Hollywood, L.D.Grignon Vice-Chmn., Washington, J. E. Aiken 
Publicity, Chairman, Harold Desfor 

Assisted by Leonard Bidwell and R. T. Van Niman 
Registration and Information, E. R. Geib 

Assisted by C. E. Heppberger, J. L. Wassell, and C. L. Lootens 
Luncheon and Banquet, Carrington H. Stone 
Hotel Reservations and Transportation, Harold A. Witt 
Membership and Subscription, Lee Jones 

Vice-Chairman, Central Section, A. H. Bolt 
Ladies’ Reception Committee Hostess, Mrs. G. W. Colburn 
Public Address Equipment, Robert P. Burns 

Assisted by R. Hilton and R. Gray 
Projection Program, 35-mm, I. F. Jacobsen 

Assisted by members Chicago Projectionists Local 110, I.A.T.S.E, 

Projection Program, 16-mm, H. H. Wilson 








; 





The Papers Committee has sent Author’s Forms to many mem- 
bers who expect to present technical papers. If you would also 
like to be on the program, don’t fail to get your Author’s Form from 
the member of the Papers Committee nearest you. His name and 
address are listed on p. 116 of the January JOURNAL. 


Society Announcements 





Membership Directory—1950 


To be certain that your name is listed correctly in the Society’s Membership 
Directory for 1950, return your envelope-questionnaire promptly. 


Nominations—1950 


All voting members are invited to recommend candidates for the ten vacancies 
on the Board of Governors which will occur on December 31, 1950. Refer to p. 
113 of the January Journat for the specific offices and governorships to be va- 
cated, as well as for the names and addresses of Nominating Committee members. 


Society Awards—1950 


Candidates are considered each year for five formal Society awards. A concise 
listing of the awards and the qualifications of recipients appeared on p. 113 of the 
JourNAL for January, while a detailed reference with the names of previous 
recipients appeared in the April, 1949, JouRNAL. 


Test Film Catalog 


A new catalog, listing all test films for both motion picture and television use 
produced by the Society and the Motion Picture Research Council, has just come 
off the press. Copies are available to all who use 16- or 35-mm projectors or 
sound equipment. Members are urged to make copies available to their own 
business organizations and also to friends and acquaintances who are concerned 
with the design and manufacture of film handling equipment or with the quality 
reproduction of picture and sound. 


High-Speed Photography 

The Society is pleased to announce that High-Speed Photography, Volume 2, a 
complete reprint of the articles on high-speed photography from the November, 
1949, JOURNAL, is now available. This follows Volume 1, published as a supple- 
ment to the JourNaAL in March, 1949, and is of great value to all who use high- 
speed photographic methods of analysis. 

Seventeen articles by noted authorities cover the field of equipment now 
available commercially and in addition describe a number of special cameras and 
associated control equipment developed for unusual needs. Of these seventeen, 
five are primarily “technique” papers that give new users of photo-analysis 
methods a good grounding in various specific applications with an idea of the broad 
capabilities of scientific photography. 
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Volume 1 (129 pp., $1.50) and Volume 2 (177 pp., $2.00) are companion refer- 
ence works developed by the High-Speed Photography Committee under the 
chairmanship of John H. Waddell. They are the only publications of their kind 
and are therefore essential to the serious use of photography in government and 
industry research laboratories. 


Journals Out of Stock 

The Society’s stock of JouRNAL issues for January, March, and July, 1949, has 
been exhausted as a result of an unexpected increase in demand and the Society’s 
Members or libraries hav- 
The going price is 75c. 


Headquarters is anxious to purchase a stock of each. 
ing extra copies available are invited to send them in. 


Engineering Committees 





Theater Television and the FCC 


Frequency allocation continues as a topic of timely interest to 
members who have been following the work of our Theater Tele- 
vision Committee. Most recent sign of activity in this direction is 
a Public Notice from the Federal Communications Commission, 
released on January 11, and announcing plans for a Hearing on 
Allocation and Rule Making in the near future. This is by way of 
reply to statements by the Society and four industry groups favor- 
ing allocation of frequencies for theater television filed with the 
Commission in August, 1949, and to 26 individual petitions for a 
Public Hearing filed subsequently. 

The Commission in its January notice indicated that it desires 
“to obtain full information concerning all aspects of theater tele- 
vision; and to afford all interested persons an opportunity to par- 
ticipate in furnishing related information.” 

The Commission reports that the Hearing would be held upon 
the following ten issues: 

(c) To obtain full information con- 
cerning existing or proposed methods or 


systems for exhibiting television pro- 
grams on large screens in motion pic- 


(a) To determine whether the existing 
and proposed transmission requirements 
for theater television can be satisfied by 
existing and proposed common carrier 


wire facilities or by existing and pro- 
posed common carrier fixed station fa- 
cilities operated in bands of frequencies 
now allocated to such stations. 

(b) To determine the order of fre- 
quencies and the spectrum space re- 
quired, if any, at each order of fre- 
quency which would be necessary to 
establish a theater television service. 


ture theaters or elsewhere. 

(4) To obtain full information con- 
cerning existing or proposed methods 
or systems for transmitting or relaying 
television programs from the point of 
pickup to the exhibiting theater, by 
use of radio frequencies, coaxial cable, 
wire, or other means, including intra- 
city and inter-city transmission. 
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(e) To obtain full information concern- 
ing any technical data obtained in 
experimental operations conducted in 
the theater television field, or otherwise 
available. 

(f) To obtain full information concern- 
ing any nontechnical data obtained in 
experimental operations conducted in 
the theater television field, or other- 
wise available, including public need or 
demand for the proposed service, pub- 
lic need or desires in theater television 
programs, approximate uses for the 
service, and commercial feasibility of 
the service. 

(g) To obtain full information con- 
cerning plans or proposals looking 
toward the establishment of theater 
television on a commercial or non- 
commercial basis. 

(h) To determine whether persons 
engaged in furnishing theater television 
services would be engaged as common 


carriers for hire in interstate communi- 
cations by wire or radio, within the 
meaning of Section 3(h) of the Com- 
munications Act of 1934, as amended. 


(i) To determine whether, if fre- 
quencies are to be allocated for the 
purpose of providing a theater tele- 
vision service, such service should be 
established on a common carrier or 
non-common carrier basis, and if on a 
non-common carrier basis, the condi- 
tions under which such service would be 
made available. 


(j) In the light of the evidence adduced 
under the foregoing issues, to deter- 
mine whether or not the public interest 
would be served by the issuance of a 
proposal for allocation of frequencies to 
a theater television service and by the 
promulgation of proposed rules and 
engineering standards governing such a 
service. 





All who desire to appear before the Commission on this question 
of the allocation of frequencies for a nation-wide theater television 
service have been invited to do so and are asked by the Commission 
to indicate their intentions by February 27. 


Society Recommendations 

In recent years many members who served on engineering committees of the 
Society have felt the need of some new form of official Society endorsement, short 
of formal standardization, that could be given to those reports or other committee 
conclusions that appear inappropriate for standardization under normal American 


Standards Association procedure. The Board of Governors recognized the need 
for validating these reports and in 1949 approved the publication of Society 
Recommendations. The Board reasoned that since study of technical problems by 
a Society engineering committee represents a great many man-hours and usually 
develops information of real technical value, details of certain projects that did 
not quite qualify for standardization should not be put away to collect dust or be 
submerged in annual progress reports but be available as published documents. 
It is the purpose of these Recommendations to formalize tentative conclusions so 
that they will be available for later engineering or research work. 

The Recommendations for 16- and 8-Mm Sprockets in this issue of the JourNAL 
mark the first appearance of this new type of Society technical document. Two- 
column*format will, for the present at least, distinguish this and forthcoming 
Recommendations from the rest of the Journat. Following publication, they 
will be reprinted to fit the standards binder but will be on colored paper to set 
them apart from the familiar American Standards on Motion Pictures. 

Reprints of the Sprocket Recommendations will be available sometime after 
March 15th and all whose names appear on the Standards Mailing List will re- 
ceive order forms. Distribution is by no means restricted and all engineers who 
wish to have this document at hand for reference are urged to order promptly. 
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35-Mm Sound Heads 


The theater equipment industry has long been plagued with 
serious projector and sound head interchangeability problems. The 
lack of formal standards for such important details as size and loca- 
tion of mounting holes or dimensions and speeds of projector drive 
gears forces each manufacturer to provide a complete series of 
adapter kits to permit matching his equipment to all other combina- 
tions of projectors, sound heads, bases, magazines, preview attach- 
ments, etc. Because the problem is such a complex one, any real 
standardization is many years away; but for the time being, the 
Film Projection Practice Committee, under the chairmanship of 
L. W. Davee has provided a measure of relief. They have assem- 
bled a combined reference file of the basic dimensions that affect 
interchangeability of 25 different types of 35-mm theater sound re- 
producers. Included in this ‘1949 Sound Head Survey”’ are: 


Ballantyne RSM-6 & RSM-8 RCA MI-9001 
Century R2 & R6 RCA MI-9030 Series, MI-9050 
Century RC & R5 Series, MI-9060 Series, 
International SH-1000 MI-9070 Series 
Projector through SH-1006 Wenzel WSH-3 

Motiograph SH-7500 Westrex Master R-2 
RCA MI-1040 Series, Westrex Standard R-3, 

MI-1050 Series Advanced R-4 


Copies have been sent to the manufacturers who participated in 


the survey and they are now made available for purchase at $10 for 
each set of eleven, 24 X 36 in. blueprints. 


New ASA Correlating Committee Formed 


A new Correlating Committee on Photography and Cinematography is 
being formed to supervise the work of Sectional Committees Z22 on Motion 
Pictures and Z38 on Photography of the American Standards Association. 
Believing this change would reduce the work load of Z38 projects as well as 
allow projects of both groups to flow more efficiently, the ASA suggested such 
a move several years ago. 

Approval was delayed by concern of several Z22 members who felt that 
their own efficiency would be reduced through additional approval steps re- 
quired. They were also concerned lest the word “cinematography” replac- 
ing ‘‘motion pictures” in the committee’s title imply an undesirable limiting 
of the scope of projects they could undertake. 

Agreement was reached, however, when every assurance was given that, 
basically, proposed standards on motion pictures would be handled as before. 

The new Committee will have fifteen members. Two Society representa- 
tives and two from the Motion Picture Research Council will be appointed in 
February and will attend the first meeting, scheduled for late in March. De- 
tails of operation will be developed at that time and a report on the new 
organization will probably be presented at the Society’s 67th Convention in 
Chicago during the last week in April. 
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Section Meetings 





Atlantic Coast 


The Atlantic Coast Section meets on February 15, 7:30 p.m. at the Reeves 
Sound Studios, 304 East 44th St., New York City. Sound recording and tele- 
vision engineers are certain to be interested in the synchronous one-quarter inch 
magnetic tape recorder that will be described and demonstrated by Drs. D. G. C. 
Hare and W. D. Fling of Fairchild Recording Equipment Corp. This equipment 
is being used regularly by at least one New York television station for double- 
system television film recording. 


Central 


The February meeting of the Central Section is scheduled for 7:30 p.m., Febru- 
ary 17, in the 7th Floor Auditorium of the Western Society of Engineers, 84 E. 
Randolph St., Chicago. George W. Colburn, Section Chairman, reports that this 
will be a joint meeting with the Institute of Radio Engineers and the Chicago 
Audio and Acoustical group. There will be four technical papers, two on sound, 
one on television, and one on color. The first, ‘“‘SSome New Developments in the 
Field of Sound Reproduction,” will be presented by Dr. Harry F. Olson, RCA 
Laboratories, Princeton, N.J., who will describe RCA’s new highly directional 
microphone and its use in television and motion picture studios. The duo cone 
loudspeaker will also be described and a low cost, wide range recording and repro- 
ducing system will be demonstrated. 

The second paper, ‘Development and Application of the Short 16-In. Metal 
Kinescope,”’ will be presented by Mr. Lloyd E. Swedlund of RCA, Lancaster, Pa. 
In addition to reviewing the history behind the development and design of the 
16GP4 picture tube, Mr. Swedlund will present practical information on its use 
and the use of several other new tubes. 

Mr. Frank McIntosh of McIntosh Engineering Laboratory, Silver Springs, 
Md., will present a paper, “New Developments in Audio Amplifiers.” This 
amplifier has been much discussed in audio engineering circles and is certain to 
capture the interest of sound engineers. 

A representative of the duPont Research Laboratory at Parlin, N.J., will de- 
scribe briefly the new Palymar Color Process. 

Preceding the meeting, there will be a Speakers Dinner in the 5th Floor Dining 
Room of the Western Society of Engineers Building. 


Pacific Coast 


The Pacific Coast Section meeting for February is a double-header scheduled 
for the evening of February 14. One part is “Recent Problems and Develop- 
mentsin Magnetic Film Recording,” to be presented by Robert Herr, Research 
Physicist of Minnesota Mining and Manufacturing Co. All motion picture and 
television engineers who have been concerned with magnetic sound recording are 
acquainted with Mr. Herr and are certain to be interested in his discussion of some 
of the problems and techniques in the use of 35-mm magnetic films for motion 
picture sound work. This field of recording is distinct from applications which 
use non-synchronous tape. Aging characteristics of the magnetic medium are 
particularly important where sound records are to be used after a period of storage 
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or where there is delay in shipment. The data which will be presented on the 
various effects will be of considerable benefit to studio sound engineers who are 
now converting from photographic recording. 

The other part has: first, “A New Technique for Synchronizing Multiple 
Television Originations” by Harold Jury, Chief Television Engineer, Don Lee 
Broadcasting System; and second, “Progress Report on an Electronic Background 
Projection System,” by Wayne Johnson, KFI-TV, Los Angeles. Use of the pro- 
jected background captured the interest of television engineers many years ago as a 
means of saving production time and space in television studios. Mr. Johnson’s 
talk will include descriptions of an electronic method of applying a moving or still 
photographic background to a television picture. 


Book Reviews 





16-Mm Sound Motion Pictures, by William H. Offenhauser, Jr. 


Published (1949) by Interscience Publishers, Inc., 215 Fourth Ave., New York 3. 
546 pp. + 15 pp. index + 19 pp. appendix + xii pp. 123 illus. 6 X9in. Price, 
$10.00. 

16-Mm Sound Motion Pictures is described by the author as ‘‘a manual for the 
professional and the amateur.’”” What makes it more than a manual, however, 
is the inclusion of a good deal of information derived from the practical experience 
of the author. 

Most of the chapters are devoted to the technical aspects of 16-mm photog- 
raphy, sound recording, editing, processing, and projection. Not only are repre- 
sentative equipments described with the aid of many illustrations, but also the 
techniques and methods are discussed at great length. Methods of quality con- 
trol of picture and sound, from the planning of a picture to the projection of its 
prints, are outlined. The problem of emulsion position and precautions to be 
taken in this regard throughout the steps of picture making are clearly described. 
There is a chapter on the history and growth of 16-iam film and its relation to 
other sizes. 

The chapter on film processing and printing is especially good. There is a 
chapter on color film and the duplicating process. Film in television is treated 
from the technical standpoint. Throughout the book, how-to-do-it informa- 
tion is profuse, in some cases, down to the last detail. Measurements in the proc- 
esses are carried through step by step, with the help of illustrative examples. 
This is very helpful and increases the value of the book. 

Liberal reference is made throughout the text to motion picture dimensional 
standards and practices of the American Standards Association, and their im- 
portance in attaining professional results is stressed. An appendix contains 
standards of nomenclature and various useful charts and symbols. 

The book is recommended to the many technicians working with 16-mm film. 
Each specialist not only will find it helpful in his particular area but also he will 
find that it enables him to broaden his technical knowledge in this rapidly ex- 
panding field. 

Luoyp T. GoLpDsMITH 
Warner Bros. Pictures 
Burbank, Calif. 
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The Recording and Reproduction of Sound, by Oliver Read 


Published (1949) by Howard W. Sams & Co., Inc., Indianapolis 1. 358 pp. + 
6pp.index+xpp. 256illus. Price, $5.00. 

All those interested in the recording and reproduction of sound will discover 
in this book a wealth of information that will prove very useful, whether to them 
as hobbyists, operators of commercial equipment, or even as engineers. It de- 
scribes the subject in clearly understood language, yet uses less mathematics in 
doing so than has been observed by this reviewer in any other similar book. The 
engineer, who is frequently a specialist in but one or two methods of sound re- 
cording or reproduction, should also welcome in this book an opportunity to re- 
view in considerable detail the other sound recording and reproducing tech- 
niques; and, as a result, his broadened knowledge of the subject should prove 
helpful in his own more limited field. 

The chapter dealing with Columbia L.P. and RCA 45-rpm records is particu- 
larly timely and it points out the specifications and features of both systems as 
compared to the older 78-rpm records. 

Of particular interest to all is the last chapter which covers proposed NAB 
Recording and Reproducing Standards and proposed American Standard Acous- 
tical Terminology. 

The appendix contains numerous useful tables, charts, and formulas for elec- 
tronic service engineers as well as a tabulation of numerous disk recording troubles 
with their causes and cures. It also includes a glossary of many of the terms used 
primarily in the disk recording field. 

O. B. GunBy 
Radio Corporation of America 
Hollywood 28, Calif. 


Meetings of Other Societies 





Institute of Radio Engineers, National Convention, March 6-9, New York, N.Y. 
Inter-Society Color Council, Annual Meeting, March 8, New York, N.Y. 
Optical Society of America, Winter Meeting, March 9-11, New York, N.Y. 
Armed Forces Communications Assn., Annual Meeting, 
May 12, New York and Long Island City 
May 13, Fort Monmouth, N.J. 
Institute of Radio Engineers, Technical Conference, May 3-5, Dayton, Ohio 
Acoustical Society of America, Spring Meeting, June 22-24, State College, Pa. 
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SMPTE Officers and Committees: The names of Society Officers 
and of Committee Chairmen and Members are published annually in 
the April issue of the Journat. Changes and corrections to these 
listings are published in the September JouRNAL. 














— New Products — 


urther information concerning the material described below can 
be obtained by writing direct to the manufacturers. As in the case 
of technical papers, publication of these news items does not consti- 
tute endorsement of the manufacturer’s statements nor of his products. 


The new Huggins Ames Type A Mercury Arc Lamp has been designed to produce 
light intensities of 90,000 candles/sq cm. It is made by Huggins Laboratories, 
778 Hamilton Ave., Menlo Park, Calif. Shown in the illustration are the lamp- 
holder with lamp extracted and, in the background, the a-c power supply. Light 
a is 65 lumens/watt; power consumption of the lamp is 2 kw (1.2 amp at 
1750 v). 

Are dimensions are 2.85 em (1.125 in.) by 1 mm (0.039 in.). Cooling is ac- 
complished with ordinary. tap water, 2'/2 gpm being required. Alternatively, 
a closed-circuit distilled-water system can be used. Average life at rated maxi- 
mum brilliance is 5 hr, and appreciably more at reduced voltages. In the stand- 
ard model, 100 per cent intensity is reached at 4358 A, with an 80% peak at 5461 
A, and a 73% peak at 4047 A, with a maximum radiation of 0.08 w per steradian 
per Angstrom. Intermediate areas average approximately 35%. Quartz ac- 
cessories can be supplied for operation in the ultraviolet region. Direct-current, 
flash, and stroboscopic power supplies are reported as under development for 
special applications. 

Uses reported are in interferometers, Schlieren optical systems, shadowgraphs, 
monochromators, in high-speed photography, and high-powered ultraviolet 
sources in the production of chemical, biochemical, and ionization changes in 
substances under study or processing. 
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Employment Service 





POSITIONS WANTED 


Project Engineer: Mechanical engi- 
neering graduate experienced in de- 
signing from specifications; optical 
instruments, precision cameras, me- 
chanical servo, and gear or 3-bar com- 
puters, analytical work in stress and 
vibration. R. A. Barbera, 663 Oving- 
ton Ave., Brooklyn 9, N.Y. 


TV and Motion Picture Engineer: 3 
yr experience in motion picture engi- 
neering and research at Philips Physi- 
cal Laboratories, Eindhoven; 6 yr as 
TV-Director, same firm; 3 yr as Di- 


rector of Decca plant in Belgium. De- 
sires asignment in any part U.S.A. 
Highest qualifications and references 
U.S. firms. Will visit New York and 
Chicago at the end of February. 
Write Fernand Beguin, c/o Mr. Marc 
ee 416 Madison Ave., New York 
17. 


In technical phase: Motion picture or 
still photography. 4 yr experience in 
research, development, and _ testing, 
both color and b & w films. Gradu- 
ating from M.I.T. June, 1950. Mem- 
ber, SMPTE. W. A. Farmer, 141 
Grand Ave., Rochester 9, N.Y. 


Cameraman-Director: Currently em- 
ployed by internationally known pro- 
ducer, desires greater production oppor- 
tunities. Fully experienced 35- and 
16-mm, color, b & w; working knowl- 
edge editing, sound, and laboratory 

roblems; administrative experience. 

op references and record of experience 
available. Write P.O. Box 5402, Chi- 


cago. 


Cameraman: Trained with practical 
experience in 16-mm and 35-mm equi 
ment & technique with prominently 
successful men in the industry.. Thor- 
oughly familiar with B & H Standard, 
Mitchell, Eyemo, & Filmo cameras, 
Moviolas, etc. Thorough knowledge 
& experience script-to-screen produc- 
tion technique: directing, editing, 
photography, film evaluation, produc- 
tion, treatments, shooting-scripts, small 
budgets, documentary & theatrical 
roduction. Goanywhere. Age 33. 
op industry & character references 
furnished confidentially. Anxious for 
position where ability, sincere interest 
and creativeness offer opportunity. 
Active Member of SM Write 
Milton L. Kruger, R.F.D. 1, Ridge- 
wood, N.J. 





SMPTE HONOR ROLL 


By action of the Board of Governors, October 4, 1931, this Honor Roll was 
established for the purpose of perpetuating the names of distinguished pioneers 


who are now deceased. 


Louis Aimé Augustin Le Prince 
William Friese-Greene 
Thomas Alva Edison 
George Eastman 
Frederic Eugene Ives 
Jean Acme Le Roy 
C. Francis Jenkins 
Eugene Augustin Lauste 
William Kennedy Laurie Dickson 


Edwin Stanton Porter 
Herman A. DeVry 
Robert W. Paul 
Frank H. Richardson 
Leon Gaumont 
Theodore W. Case 
Edward B. Craft 
Samuel L. Warner 
Louis Lumiere 
Thomas Armat 





HONORARY MEMBERS 


Lee de Forest 


A. S. Howell 




















Have You Promoted a New Member Lately ? 


Have your new associates been briefed on what they 
can receive from, or contribute to, the Society? 
Are you acquainted with your community’s tele- 
vision people? 


The Society has benefited greatly from the efforts 
of its Membership Committee headed by Lee Jones, 
Neumade Products, Inc., 330 West 42nd St., New 
York 18, N.Y.: 580 new members in 1949. Mr. 
Jones will gladly help you, and so will the Sociecty’s 
Headquarters staff, in any way you suggest. 


The Society has a revised, neat little brochure that 
should go into the hands of thousands of prospects. 
Greatest success lies in each member’s serving con- 
stantly on a committee of the whole membership 
to increase the Society’s roster and the benefits for 
our field. 





Sustaining Members 


SOCIETY OF MOTION PICTURE AND TELEVISION ENGINEERS 


Mitchell Camera Corp. 
Mole-Richardson, Inc. 

‘ Motiograph, Inc. 
Motion — Picture Association of 


Buensod-Stacey, Inc. 
Burmett-Timken Research Labora- 


tories 
W. S. Butterfield Theaters, Inc. 
The Calvin Company . 
Century Circuit, inc. 
Cinecolor Corp. 
Cineffects, Inc. 
Geo. W. Colburn Laboratory; Inc. 
Censolidated Film industries, Inc. 
Coronet Instructional Films 
Deluxe Laboratories, Inc. 
Du-Art Film Laboratories, Inc. 
E. 1. du Pont de Nemours & Co. 
Eastman Kodak Company 
Theaters 
Factor & Co. 
y Fairbanks, 
Electric 
Film Laboratories, Inc. 
Organization, Inc. 


Wilding Picture Productions, inc. 





